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1. Introduction

In the present paper we are going to give the details of the TERMITE
simulation program which describes the space-time evolution of color-flux
tubes including their decays due to the Schwinger tunneling mechanism [1].
Such color-flux tubes are believed to be created in high-energy interactions:
ete” annihilations, heavy-ion collisions [2, 3].

The program is a practical realization of the model formulated in col-
laboration with A. Bialas and W. Czyz [4]. A distinguishing feature of this
model is that all physical processes are explicitly boost-invariant, therefore
we expect that it works well in the limit of very high energies.

In our approach quarks (antiquarks) are regarded as classical particles
with well defined positions and momenta. They carry color charges which
are the source of chromoelectric field. In the space between two color charges
the field is uniform and confined to a tube. The value of the field is quan-
tized; it is the straightforward result of application of the Gauss law to the
system.

(325)
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Quarks (antiquarks) move along the trajectories determined by the clas-
sical equations of motion. The chromoelectric field decays through the
Schwinger mechanisin generating partons (we will use this name for both
quarks and antiquarks). It leads to the conversion of the energy and wo-
mentum of the field into the energy and momentum of particles.

Finally, we obtain a self-consistent system: on the one hand the field
creates particles and causes their motion, on the other hand the color charges
of partons determine the value of the field.

Recently we have used our program in order to investigate the con-
nection between intermittency and the Schwinger tunneling mechanism.
First results [5], exhibiting an intermittency pattern, encouraged us to
continue the work with the program. So far we have taken into account
only elementary color-flux tubes, i.e. tubes spanned by quark-antiquark
pairs. In the future we are going to develop the program and describe the
evolution of stronger (non-elementary) color fields. The program is avail-
able from TPJU%CHOPIN.DECNET@QUXPLGW.CERN.CH (please spec-
ify the name DYREK in the subject line).

The program TERMITE is written in the Turbo Pascal language (we
have used the version 5.0 but with small changes the program can be also
compiled with the version 4.0). TERMITE will run on every IBM PC, option-
ally supported by an arithinetic coprocessor. It includes a graphic demon-
stration module which allows the User to watch on-line the evolution of the
system. The results of the Monte Carlo simulation can be stored on a disk
and later processed by additional programs.

In the next Section we present the model. We discuss the dynamics of
partons, the initial conditions for the evolution, formation and interactions
of yo-yo’s and tunneling of virtual particles. Section 3 gives the description
of the main modules of TERMITE and its hardware and compiler require-
ments. The Summary completes the paper.

2. General description of the model
2.1. Dynamics of partons

We consider a 141 dimensional model. The space-time positions of
partons are given by the vectors z# = (t, z). The energy and the momentuin
of a parton, p* = (E,py.), satisfy the condition E? — p} = m}, where
my = /m?+ pi = /m?4 p? 4 p? is the effective transverse mass. One
can notice that the transverse momentum gives only the contribution to the
total inertia of a parton, it is not a dynamical variable. The quantity m is
the rest mass of a quark.
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In practice, we prefer to use the variables which have more convenient
transformation properties under the Lorentz boosts along the z axis. There-
fore we introduce the rapidity and the quasirapidity of a parton

E 4 po
=Lln 2.1.1
P E-p ( )
t+ =z
=1l g (2.1.2)
and also the invariant time
T =t - 22, (2.1.3)

The latter is the evolution parameter for our system. It appears in the
equations of motion [4] as an independent variable

dy _ tanh(y —7)
dr T ’
dy r

— = . 1.5
dr  mycosh(y — ) (2.1.5)

(2.1.4)

In Eq. (2.1.5) F is the classical force. Let us now discuss the method of
its calculation. The crucial thing is to find the chromoelectric force acting
on a parton. In order to do that, we apply the Gauss law to the system of
quarks and antiquarks at the given time 7. We use the convention accord-
ing to which the field is positive when the lines of the field go from the left
(smaller values of quasirapidity) to the right (greater values of quasirapid-
ity). Therefore a quark is the source of the positive field on its right side
and the negative field on its left side. An antiquark produces the field of
the opposite sign. The effective field is the superposition of the elementary
contributions from all partons. This rule leads to the screening of the field.
Between the groups of partons which are neutral as a whole the field is
canceled (see Fig. 1).
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Fig. 1. The chromoelectric field generated by: a quark (a), an antiquark (b) and a
quark-antiquark pair (c).

If we want to calculate the force acting on a parton we first find the

value of the field on both sides of the parton: £® and £i8". The [orce is
given by the expression

F = £1Q(&"" + £18"), (2.1.6)

where +Q is the parton’s charge. For instance we can take into consideration
an elementary quark-antiquark tube (see I'ig. 2). The Gauss law gives:

AE = Q, (2.1.7)

where A is the transverse cross section of the tube and & is the chromoelec-
tric field between the quark and antiquark. The string tension is defined as
usual

Q?
o=1%4= 2T (2.1.8)
Now we find (in accordance with the prescription given above):
F+—1(0+Q)Q—a (2.1.9)
= 3 AR g,

F-=-} (% +0)Q = ~o, (2.1.10)
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Fig. 2. A quark-antiquark system in the (r,9) space.
where the superscript ‘+’ (‘-’) denotes the quark’s (antiquark’s) variables.
2.2. Initial condilions

We start our simulation having a simple system of a quark and an
antiquark which are connected by the tube of the chromoelectric field. Each
member of the pair has the same energy: E* = [~ = —;-\/5, and the same
transverse mass m} = m; = m. IHere /s is the total energy measured
in the center-of-mass systemi. We assume that the initial partons have no
transverse momentum. In [5] we have used the values: m = 10 MeV, /s =
30 GeV.

At the very beginning of the process the quark and the antiquark are
placed at the point (t = 0,z = 0) with the opposite rapidities

. Vs
Yo = TFArcosh(zm). (2.2.1)

They are receding from each other along the z axis: the quark goes to the
left and the antiquark goes to the right. They span the chromoelectric field
loosing their kinetic energy. One can check, however, that in the quasir-
apidity space situation is quite different (see I'ig. 3): partons start their
motion from distant points (7 = 0, y* = y5') and approach each other. The
difference comes from the singularity appearing in the definition (2.1.2) for
t=2z=0.

The equations of motion for the initial particles can be solved analyti-
cally, for the initial conditions discussed here we obtain:

N ., (OT o
7 (r)=ys £ Arsmh(—zm), (2.2.2)
iy A . £y, OT "
y*(7) = Arsinh (smh(y0 ) & o cosh (n*(7)) ) . (2.2.3)

We observe that for 7 = 0 the quasirapidities of partons are equal to their
rapidities.!

1 In the first version of our calculations [5] we avoided the problems related to
that singularity starting simulation from a non-zero (but very small) value
of 7.
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Fig. 3. Two different representations of the trajeciories of a quark and an antiquark
which form the initial color-flux tube: the first one (a) in the (¢, z) space, the second
one (b) in the (7,7) space.

2.3. Formation of yo-yo’s

After some time, the first tube spontaneously decays producing a q— g
pair. In the region between the members of the new pair the chromoelectric
field is canceled (because of screening) and we obtain two new tubes which
move in the space-time like the first one, but with different initial conditions.
At the later stages this pattern is repeated many times developing a cascade
which leads to the very strong fluctuations of the field. The initial tube is
broken into pieces.

When a certain tube does not decay for a sufliciently long time, the
quark and the antiquark start oscillations forming a yo-yo. The energy is
transferred from partons to the field and back but the total energy of a
yo-yo E’°77° and the momentum p]°~7° are conserved. The energy and
momentum of a yo-yo as a whole are defined below:

E™ " = EY + E™ + E™Y, (2.3.1)
P = p g + ™ (2.3.2)
where
E* = m# coshy?, (2.3.3)
pi = mi sinhy*, (2.3.4)

Efed — 5p (sinh 788 _ sinh 1)“") , (2.3.5)
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pil = o1 (cosh n"Et _ cosh 7)““). (2.3.6)

Here 78" and 5'*® denote the positions of the ends of a tube:
778 = Max(n*,77), (2.3.7)
7 = Min(n*,97). (2.3.8)

Having defined the energy and the longitudinal momentum of a yo-yo
we can calculate its rapidity:

yo—yo yO— Yo
E + Py,
Eyo-yo _ pio-yo‘

¥°%° = lin (2.3.9)

Similarly, we can calculate the transverse nomentum of a yo-yo, how-
ever we need an additional information about the correlations between the
partons’ transverse momenta

P = D+ )+ 2pkpcos(#t —9). (2310)

The angles ¢* are defined through the relations: p¥ = pf cos¢* and p* =
pisingt. We want to stress hiere once again that both pr and ¢ are not
dynamical variables — they do not change in time. The values of py and ¢
are determined during the tunneling process and at later stages they reinain
constant. Using the above expressions we can also define the mass of a yo-yo:

M = (BT — () - () (2:311)

2.4. Interactions of yo-yo’s

So far, we have taken into account only elementary color-flux tubes.
Nevertheless our results are useful because our system can be always treated
as a set of elementary quark-antiquark tubes (yo-yo’s). A priori more com-
plicated structures can be created when two tubes overlap. In this situation
one can distinguish between the two different cases: i.e. at the ends of the
overlapping tubes there are partons either with the same color charges or
with the different ones (see Fig. 4).

Let us concentrate on the first possibility. A quark from the first yo-yo
meets and passes by the quark from the second yo-yo. The chromoelectric
field is immediately screened between the quarks and they are connected
with new antiquarks: the quark from the first yo-yo is connected by the
tube of the color field with the antiquark from the second yo-yo, the quark
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Fig. 4. Interaction of two yo-yo’s. In the space-time region where two yo-yo’s might
overlap (a) the color field is canceled or doubled. The first possibility leads to the
exchange of partons possessing the same color charge (b), whereas the second one
causes repulsion of the yo-yo’s (c). In the latter case we neglect the creation of
pairs in the region where the tubes overlap.

from the second yo-yo joins the antiquark from the first yo-yo. Of course
the same process of ezchange of partons can be started by two antiquarks
coming from different yo-yo’s. Here, we only want to stress that the new
tubes are elementary.

The second possibility takes place when at the ends of the overlapping
tubes there are different color charges — a quark and an antiquark. In
such cases more complicated structures are created which consist of four
quarks joined by three color tubes. The intensity of the chromoelectric
field in the internal tube is two times greater than the intensity of the
field in an elementary tube. This may result in many interesting effects;
e.g. the internal tube may decay creating a very complicated system of six
quarks. Also one can observe that two internal partons strongly attracted
by the internal field come back, pass by each other and the system of four
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quarks becomes again a system of two independent elementary tubes. The
latter process treated as a whole looks like an elastic collision of two yo-
yo’s. Because in the present version of our program we are not ready to
describe the behavior of complicated many-quark structures we assume that
the second possibility of interaction always leads to the collision of the yo-
yo’s. In practice, whenever two tubes start to overlap and create the region
with non-elementary field we assume that the partons are scattered and
consequently the tubes repel from each other.?

2.5 Tunneling

We assume [4] that the tunneling (virtual) particles go along the boost-
invariant hyperbola 7 = const. Observing two pairs which are created at
the different time moments 7, and 7, we can say that the first is earlier than
the second if i, < 73. This time subsequence is absolute in the sense that it
does not depend on the choose of the Lorentz frame. Moreover, the above
constraint on the tunneling process allows us to fulfill the requirements of
causality for our system.

The probability of tunneling of one virtual pair is given by

- mmy
P =exp ( - )‘, (2.5.1)
whereas the probability of the decay of a tube is obtained by the multipli-
cation of the above formula by the number of virtual pairs in the tube.

One of the interesting consequences of our approach is that the tunnel-
ing particles, when they become real, have non-zero longitudinal momenta.
For instance, the members of a virtual pair which starts from the point
n* = 0 gain the rapidities [4]

2

tun ___ H 2’1‘__ tun = tun
y" =4 Arsmh(zo__r), 1 2y, (2.5.2)

When a pair starts tunneling from an arbitrary point 1** lying on the hy-
perbola 7 = const, then the final rapidity and quasirapidity are boosted by
nst:

ytun = nst + %Aq, ntun = n:t + %Aﬂ- (25.3)
In the above formula we have introduced a boost-invariant quantity 4n =
4Arsinh(mq- /201') which has a simple physical interpretation, namely it

3 In the version 2.0 of TERMITE the tubes may overlap and produce stronger
fields. This is more physical approach but it is more difficult to describe
creation of pairs in such fields since field can vary along the trajectories of
tunneling particles.
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gives the distance in the quasirapidity space between the members of the
emerging pair.

Now one can observe that during the decay of a quark-antiquark tube
the transverse momenta of tunneling partons cannot be arbitrarily large.
When at the moment 7 the ends of a tube have the quasirapidities 7 g
and 7n'*® then the length of the tube Aztb® = yright _ ple® a5 the transverse
mass of tunneling particles satisfy the condition

A tube
=) (2.5.4)

mi <40’ Tzsinh’( 1
There are also arguments [6] that the transverse dimension of the tube
determines the largest possible value of the tunneling transverse mass, hence
we can write ,
my < (mE>)>. (2.5.5)

The above conditions, put together, determine the region in the (p.,p,)
space which is available for tunneling particles (see Fig. 5a):

Antube
m? + p? + p:.s Min (m?‘“)’,4a’r’sinh2( 1 ) . (2.5.6)

Py fal

o

(b}
+ Aq‘ ng ) —
,lleﬂ l."st ,lriqht n

Fig. 5. The available phase space for tunneling partons.

For small values of A5*"*® the tunneling processes are not allowed —
the energy of the field is not sufficient for creation a quark-antiquark pair
even when the latter has no transverse momentum.

We can also see that the starting point 7* cannot be situated too close
to one of the ends of the tube (7' or 578™"). For a given value of mr the
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values of #** are restricted to the interval:

nle]t + %ﬂ < nst < ntight _

A
= (2.5.7)

In the simulation we assume that pp = (p,,p,) is a random vector
uniformly distributed in the region (2.5.6). For the chosen value of pr we
generate the values of *. Their distribution is assumed to be uniform in
the interval (2.5.7) (see Fig. 5b).

2.6. Remarks on hadronization

A hadronization scheme is absent in our program. Products of the
decays of color-flux tubes (oscillating yo-yo’s) do not correspond to directly
observable hadrons. Their mass distribution is a continuous curve whose
maximum depends on the time-length of the evolution: the longer is our
simulation the greater is the number of light yo-yo’s. Nevertheless the User
can select and extract interesting yo-yo states (e.g. the yo-yo’s whose masses
are close to the mass of a meson).

3. Guidelines for Users of TERMITE
3.1. Hardware and Compiler Requirements

The program may be used on every IBM PC but it is recommended to
equip the User’s PC with a math coprocessor (which makes the program run
much faster) and with a hard disk (which can collect large files of TERMITE’s
results). No special memory extension is required since the program does
not occupy more than 64 kilobytes for reasonable values of MAX_PARTONS,
MAX_YOYOS, MAX_AVER and MAX_RAP.

The source code of TERMITE can be compiled with versions 4.0 through
5.5 of Turbo Pascal compiler. However, the User should choose the set of
compiler directives according to the language version and to the presence of
a floating-point coprocessor. These are the prescribed lists of directives:

— for version 4.0 (with coprocessor):
R-,§-,I+,D-,T-,F-,V—-,B—,N+,L+

— for version 5.0 or 5.5 (with coprocessor):
A+,B—-,D—,E—,F-,I+,L+,N+,0-,R—,5-,V—

— for version 5.0 or 5.5 (without coprocessor):

A+;B“, -D"‘) E—§-,F—,I+,L+,N+, O'“’R"’, S_a V-

The program uses three standard units of subroutines: Crt, Dos and
Graph which have to be present during the compilation.
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3.2. Program configuration

The User of TERMITE can choose different options of the configuration
of program execution. The program source text begins with declarations of
the five Boolean flags:

GraphOn — controls displaying the trajectories of partons and of yo-
yo’s on the screen,

SoundOn — toggles the sound buzzer,

SaveOn — if TRUE, the results of the simulation are saved in disk
files,

VerifyOn —  toggles the procedure VerifyYoyos which selects and after-
wards removes the yo-yo’s satisfying certain conditions,

WaitOn — if TRUE, the program waits for pressing a key after cach
event.

The above flags may be set on or off completely independently of each other.
3.3. Parameters of the program

The parameters of TERMITE are divided into some groups:

— physical parameters,
— aumerical parameters,
— graphics parameters,
— names of disk files,

— euxiliaty parameters.

The physical paramelers determine the initial conditions for the simula-
tion and affect the strength of interactions and the probability of tunneling:

REST_MASS — rest mass of a parton {m),

CMS_ENERGY — energy of collisions in the center-of-mass
frame (/3),

DEG_FREEDOM — number of degrees of freedom related to

spin, color and flavor (N,N.N¢),
STRING_TENSION — quark string tension {v),

MESON_MASS — meson mass, used for the selection of yo-
yo's in the VerifyYoyos procedure,
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T_FINISH — time interval for one event,

TRANS_CUTOFF — maximal transverse mass related to the
finite transverse dimension of the tube

The time steps used in the numerical scheme of solving the equations
of motion can be treated as the numerical parameters which determine the
accuracy of solutions. Their values depend on the quark rest mass and the
string tension. The steps are denoted by:

DT_BEGIN — used in the early phase of an event when the con-
sidered system contains one single yo-yo and the
equations of motion are solved analytically,

DT_STANDARD — used after creation of the first pair.

The basic graphics parameter (BGI_PATH) specifies the path to the disk
directory containing the BGI driver for the current graphic device. (The
drivers are supplied together with Turbo Pascal system.) If the driver is
stored in the same directory as TERMITE — this parameter may be left
simply as an empty string (' ’). The remaining six graphics parameters are
the colors for the objects appearing in the screen (if the option GraphOn is
set to TRUE):

AXIS_COLOR — axes, scales, screen header,

QUARK_COLOR — quark trajectories in the (7,7) space,

ANTIQUARK_COLOR — antiquark trajectories in the (7,7) space,

TUNNEL_COLOR — the gap between the tunneling partons,

RAPIDITY_COLOR — trajectories of yo-yo's in the rapidity space,

REMOVED_COLOR — circles denoting the positions of removed yo-
yo's.

The User can customize the colors according to his personal preference
and to the available type of graphics adapter.

The results of the simulation are optionally written to disk files whose
names are the following string constants:

MASS_FILE_NAME — evolution of the average rest mass of yo-
yo's (in MeV),

PT_FILE_NAME — evolution of the average transverse mo-
mentum of yo-yo’s {in MeV),
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NUM_FILE_NAME — evolution of the number of yo-yo’s,

RAP_FILE_NAME — list of yo-yo rapidities at the end of an
event.

The last five parameters have auziliary character:

MAX_PARTONS — maximal number of partons created in one event,

MAX_YOYOS — inaximal number of yo-yo’s created in one event,
MAX_EVENTS — number of events in one run of the program,
MAX_AVER — number of time points at which the average quan-

tities are being saved,

MAX_RAP — number of time points at which the rapidity spec-
trum is written to the disk.

3.4. Represeniation of Physical Quantilies

The state of each parton is described by giving its position in quasi-
rapidity (eta), its rapidity, transverse mass, and the azimuthal angle of
transverse momentum in (z,y) plane. The four variables together with a
logical flag denoting whether the parton is a quark or an antiquark form a
five-component record type declared as PartonType. The chain of partons
lying along the collision axis is represented as an array variable named
parton. The color field between every two neighbors in the chain is assumed
either to be equal to an elementary field (£ = £Q/A) or to vanish (£ = 0).
Therefore, the chain of color tubes (field) can be represented as an array of
short integers.

3.5. The Main Program Body

The session with the program starts with calling the procedure InitPro-
gram which initializes the random number generator, activates the graphics
modaule (if the GraphOn flag is set to TRUE) and initializes variables and files
related to the process of saving the results (provided the SaveOn flag is set
to TRUE). Then, the main loop begins. Each pass of the loop corresponds
to one physical event, i.e. to the evolution from 7 = 0 till 7 = T_FINISH.
The loop is repeated until the event counter (num_events) reaches the value
of MAX_EVENTS or the User breaks the execution (see “Controlling TER-
MITE?”). The program ends with the procedure Quit which, if necessary,
deactivates the graphic device and restores the text mode of the screen.
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The initial conditions for each event are fixed by the procedure InitEvent.
Tiie 7 (tau) is zeroed, the number of color tubes (num_tubes) is set to 1
and the dynamical quantities for the initial q — q pair are assigned with
the values according to the global settings of the session. The procedure
OutYoyos is called — it computes (and eventually reports in the screen)
the current number of yo-yo’s, average mass and transverse momentum of
yo-yo’s. The process of saving the results of the event is also initialized (see
details in “Saving the Results”).

After the event has been initialized, the time loop starts and at each
step the current value of time tau is increased by dtau. The actual value
of dtau is chosen by the procedure SetTimeStep: before the very first de-
cay the time step is equal to DT_BEGIN, afterwards we accept the valuc of
DT_STANDARD. These constants should be small enough to give a good
convergence of the discrete numerical scheme of integration of the trajecto-
ries but large enough to give a reasonable consumption of computer time
per one event.®

3.6. Motion of Partons — Procedure Dynamics

The procedure Dynamics finds the change of positions and rapidities
of partons within time interval (7,7 4+ dr). If the system contains only
one q — q pair (namely the initial one), the trajectories are obtained from
the exact formulae (2.2.2)-(2.2.3). Otherwise, the partons are subsequently
moved to next positions in the phase space. The new (quasi)rapidities
are calculated by the procedure MoveParton which uses the Runge-Kutta
method for numerical integration of the equation of motion (2.1.4)-(2.1.5).
When the sequence of partons at time 7 - dr is different from that at time 7
(i.e. if some trajectories cross each other) the procedure Dynamics makes use

~ of the algorithm described in Section 2.4. Scattering or exchanging partons
may affect some average quantities, therefore the procedure OutYoyos is
called after such cases in order to verify and re-display the averages and the
number of yo-yo’s.

3.7. Production of Particles — Procedures: Decays and Tunneling

The procedure Decays scans the series of tubes and applies the procedure
Tunneling to those which have non-zero color field.

The procedure Tunneling generates a transverse mass (function VirTrM)
that can be produced inside a given tube (see formula (2.5.6)). Afterwards
the probability of the decay is computed. The expression for the tunneling

3 In the new version of TERMITE the value of the time step varies and follows
current dynamical conditions.
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probability (2.5.1) is multiplied by the number of virtual pairs in the con-
sidered space-time volume and also by the factor related to the spin, color
and flavor degrees of freedom (DEG_FREEDOM).

The decay of the tube is generated according to the Poissonian dis-
tribution (function Poisson). If a pair is to be created then its physical
parameters are established and the pair is inserted into the existing chain
(procedure InsertPair). Each decay increases the number of color tubes by
two.

3.8. Verification of Yo-yo States — Procedure VerifyYoyos

There is a possibility in the program that interesting yo-yo’s can be
selected and removed from the evolution of the whole system. For instance,
one can assume that the yo-yo’s having masses which are close to that of a
meson become non-interacting final-state hadrons. The User finds enclosed
the procedure which extracts the yo-yo’s whose masses are between one and

two meson masses. The latter is introduced in the program as a constant
MESON_MASS (see “Parameters of the Program”).

3.9. Graphics

The graphics module is enabled if the GraphOn flag is set to TRUE.
The header displayed in the screen contains information about the current
number of yo-yo’s and of the averages of rest masses and transverse momenta
of yo-yo’s. The trajectories of partons in the {7,5) space are displayed in
the lower half of the screen while the trajectories of yo-yo’s in the rapidity
space are displayed in the upper half of the screen. The vertical scales refer
to the invariant time 7 in Fermi’s. The horizontal axis is scaled in the
dimensionless units of (quasi)rapidity.

The graphic demonstration module will run on every graphic device
that is supported by a proper BGI driver. For instance, if the User’s PC
is equipped with the Hercules Graphics Card, the User has to copy the
driver HERC.BGI to his own disk directory or specify the DOS path to the
directory containing all drivers (constant BGI_PATH). In case of any doubts
what type of adapter is in use, the better way is the latter one because the
program will automatically choose the proper driver.

When TERMITE is used as a Monte Carlo generator of data, the graph-
ics should be turned off in order to make the program run faster.

3.10. Saving the results

The results of each event are stored in disk files if the SaveOn flag is set
to TRUE. The saving is performed at the end of the event. As mentioned
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before, TERMITE reports the evolution of number of yo-yo’s, of the average
rest mass of yo-yo’s and of the average transverse momentum of yo-yo's.
The average quantities are being stored in arrays AverNum, AverMass and
AverPt. Each such an array contains MAX_AVER+1 elements. At the end of
each event the arrays are written to proper text disk files in a format which
is acceptable by standard graphic programs for drawing two-dimensional
diagrams. Here is the format of saved data:

o f (To)
n f (7'1)
T;v f (TN)
(End—of-file)

where N = MAX_AVER, 75 = 0, 7y = T_FINISH and f refers to the consid-
ered average quantity.

Moreover, the program saves rapidities of yo-yo’s at each of MAX_RAP
“ticks” during one event — the last “tick” coincides with T_FINISH. The
values of rapidities can be used to obtain a rapidity spectrum of created
yo-yo’s at different 7’s. The lists of rapidities corresponding to different
“ticks” are written to separate text files of the same name (string constant
RAP_FILE_NAME) but with different extensions (according to the number
of a given tick). The format of such file is as follows:

N,
i
Y1,2

Yi.N,

N,
Ya1
L%

Ya,N,
Ny

Yar
Ym,2

Ynmr Nt
(End-offile)
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where M is the number of events in this session, IV; is the number of yo-yo’s
in i-th event, and y; is the rapidity of k-th yo-yo in j-th event.

3.11. Controlling TERMITE

The procedure KeyControl (called after each time step) allows the User
to control the execution of the program. Here is the complete list of “hot-
keys™:

Key Action

(Esc) or (Ctrl-C) Quits the program and returns to the
operating system.

(P) or (spacebar) Pause — Suspends the execution and
wails for pressing a key. If the next key
is (Esc) or (Ctrl-C), quits the program.

(R) Restarts the program and clears all the
data stored during the session.

(T) Time — When not in graphic mode re-
ports the actual value of 7 in the cur-
rent event.

Quitting the program (by pressing (Esc) or (Ctrl-C)) when simulating
the n-th event does not erase the results of previous n — 1 events (if those
are saved on disk). However, restarting the program will cancel all previous
events and will start the session again from the first event.

4. Summary

The TERMITE program can be used as a demonstration program for
presenting the evolution of the system: “quarks + antiquarks 4 color field”.
Moreover, it may work as a typical Monte Carlo program, giving some quan-
titative predictions for rapidity spectra of particles, average masses and
transverse momenta, etc. One of its imnportant features is modularity and
possibility of development and of modifications — the User can add his own
output procedures computing other physical quantities. The physical back-
ground of TERMITE is based on a boost-invariant model of pair production
proposed in Ref. [4]. The advantage of the model is its simplicity, a small
number of physical input parameters and a consistent semi-classical ultra-
relativistic description of creation of q — @ pairs including the feedback on
the original field.
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The presented version of TERMITE has been designed for users of IBM
PC. We prepare, however, a new version written in Fortran 77 which may be
acceptable by a big computer. The new version is going to be much richer
— it will consider a possibility of creation of stronger color fields, different
colors and flavors of quarks, and creation of gluons (in the way of tunneling
and as a bremsstrahlung). Nevertheless, we think that even this simpler
version of TERMITE may be useful for investigating various processes and
phenomena in high-energy collisions.

We would like to thank Professor A. Bialas and Professor W. Czyz for
their critical comments, discussions and encouragement. We express our
gratitude to Professor R. Peschanski for his stimulating remarks and the
hospitality at CEN-Saclay where a part of this work has been done.
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