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Abstract:

A previous paper (LU TP 78-18), dealing with the computer
generation of jets from u , d and s quarks, is extended

also to include ¢ , b and t quark jets. An iterative scaling
scheme is used for the generation of primary mesons. Besides
strong and electromagnetic decays, heavy mesons are allowed to decay
weakly. In hadronic weak decays an iterative, jetlike, scheme

is used to generate the flavour of the products, while momenta
are distributed according to phase space. Only three-particle
semileptonic decays are simulated, here with a matrix element
similar to the one in muon decay. The program components are
listed in FORTRAN 77.




1. Introduction

In a previous study [1], a computer program for the generation
of guark jets in the spirit of Field and Feynman [2] and
Andersson, Gustafson and Peterson [3] is presented. It simulates
the fragmentation of an emerging u , d or s quark into a jet
of primary mesons, pseudoscalars and vectors, which then decay

intoc stable particles.

With the increasing energy available, in particular in e'e”

machines, not only light guark jets are produced but also jets
formed by an emerging ¢ , b or, eventually, t quark. This
paper sets out to formulate one possible extension of the old
model also to include these heavy gquark jets. The heavy mesons
then generated are too short-lived for direct experimental
observation, so the introduction of a model describing their

decay forms the most important part of this work.

For the new, as of yet undiscovered, pseudoscalars we have

adopted the notation [4]

_ 0 _ .7 0 _ .= - C
Bu = bu , Bd bd , BS bs , BC bc ,

o - + - oo 0 _ .- vt LF
Tu = tu , Td = td , T8 ts , TC tc , Tb tb ,
ng = bb ,‘nt = tt
and for the vector mesons

* - *0 = +%

Bu , e Tu s e ¢t tt
Their masses have been calculated assuming
m =m, = 300 MeV , m_ = 500 MeV ,

u d [S]

m_ = 1600 MeV , mb = 4800 MeV , mt = 15000 MeV




and adding a spin term -30MeV for pseudoscalars and +10 MeV

for vectors.

The exact size of this spin term is not particularly important.
The point is that we have chosen a splitting smaller than a
pion mass, so that the decays B¥ > Br and T* > Tn ‘become
kinematically forbidden. TH&S is consistent with the experi-

mentally observed decreasing mass difference between the vector

and the pseudoscalar mesons as they become heavier.

In chapter 2 we review the iterative jet fragmentation model

used and present the changes and additions made in order to
accommodate heavy quarks. A presentation of our scheme to handle
the decays of heavy mesons is found in chapter 3. The computer
program components are examined in chapter 4 and some practical
information for their use is given in chapter 5. Program listings

are found in Appendix 1.

2. The jet fragmentation model.

In an iterative quark jet cascade, a primary quark of flavour

! ’

a' carrying the quantity W_ = E,

o a' * Py, @along a given jet

axis (here in the z direction) generates in its colour field a

’ '

quark-antiquark pair 'bb' . The quark

a and the antiquark
- — E1"P21
'b’' form a primary meson 'ab' with E + pz¥raction ¥ E W
0
leaving w1 = (1 -x1] . WO to a remaining quark jet with flavour
'b' . The procedure is iterated and a chain of primary mesons is

produced.

The model for light quark jets described in [1] 1is still applic-:

able, and is in outline as follows. Quark-antiquark pairs




generated in the field may be either uu , dd or ss , according
to given probabilities. Spin 0 or 1 is randomly assigned to each
meson. The variable x is in every step randomly distributed

between 0 and 1 according to
2
Fo(x)dx = (I-a+3a(l-x)") dx

which, with different values of a , gives the distributions

of refs [2] and [3].

Every quark or antiquark is supposed to have a transverse

momentum randomly generated according to

E).L
_ 1 ~(p/59)
fo () 4% = 752 e e d*p.

with the constraint that the total of each generated peair

Py
be zero. The primary meson 'bc' then carries transverse momentum

Piooper = Prowr T Prre
Unless otherwise prescribed, we generate uu:dd:ss with
probabilities 2:2:1 , pseudoscalars:vectors with probability

1:1 , and use a = 0.77 and o = 350 MeV [2].

In the extended model in this work the first quark may be a

u,d,s,c,b or t (or a corresponding antiquark) but the

pairs generated in the field will still only be uu, dd or ss.

For the mesons containing a heavy quark (c,b, t,c, b, or t)

the value of the parameter a in Fx(x) is chosen to be zero,




since experimental data [5] favour a flat distribution for D
mesons, while the use of the same distribution as for light
mesons, with a = 0.77 , would not give results consistent with

data.

The variables E and P, for a primary meson with mass m

(note that we work with sharp masses for all particles) and trans-

verse mass m, = m2 + pi are determined by
E-t-pz——W
2
m
E_PZ: L

A large part of the primary mesons thus produced will be unstable
and subsequently decay into stable final particles. The procedure

for these decays is discussed below in chapter 3.

A cut is introduced to ensure that the first meson produced,

containing the original flavour, has p, > 0 . In a sense this

is actually a definition of having a jet with given flavour.

The generation can be terminated when the remaining E + P, in
the jet is too small to produce any mesons with p, > 0 . Even
before that, however, a number of mesons with small E + P, and

thus large negative p, may have been formed. The simplest
procedure to avoid the problem of these particles is to keep

only stable particles with P, > 0 .

In a region immediately above e.g. the B meson threshold,
where a B 1is produced with a small P, > 0 and a B with
small p, < 0 , the recipe of just discarding all particles

which go into the "wrong” hemisphere will, however, lead to




serious distortions of the physical picture. In such cases it

is better to have the criterion that, if a primary meson has

p_ > 0 , all its stable decay products are kept, but none of it
has p, < 0 . Far away from such threshold effects, this new cut
gives the same kind of results as the old one when producing two

back-to-back jets. In other cases, e.g. the study of fragmentation

functions in a single jet, the old cut may be preferable.

When producing two back-to-back jets, the sum of momenta on the
two sides will balance, but the distribution of particle momenta
and masses will, in general, differ for the two sides, so that
they will have different invariant mass and hence different total
energy. Also the total flavour will exhibit a natural variation
when looking only on one side. In simulations, the problem of
finding "matching” Jjets, so that the total energy, momentum and
flavour is conserved, may of course be substantial, and is not

considered here.

3. The treatment of particle decays.

The central part of the present paper is a model for weak decays

of heavy mesons.

The decay of mesons containing "ordinary” wu,d and s Qguarks
is described in [1]. The branching ratios are here known and are
taken from ref. [6]. The momentum distributions are given by

0

phase space, except for w and ¢ decaying into 7 1 1% . Here

a matrix element of the form

(MI2 e | Far % Pre-|




is used, where 5 , are the momenta in the CM frame.

™

In addition to the decays described in [1], we have alsc intro-

© and K° into K2 and k2

L S and the

duced the change of K

decay Kg > T

The B* and T* mesons are assumed to decay electromagnetically

* Ty , and also 0* > on ,

only. These decays, B* » By and T
p* » Dy and F* » Fy , are treated in the same way as other two-

particle decays.

3a. Weak decays of heavy mesons.

For the weak decays of heavy mesons we have developed a model

with the following ingredients:
(a) Primary weak decay of a heavy quark

The weak decay of mesons containing a heavy quark @ can go

via the three processes

C? Ql Q QR 2
:::::><::::j§/ =

?

[S B
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0] O
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I IT III

Quark annihilation Free quark decay Semileptonic decay

Only the dominant decay chain t+b->c-+s 1is taken into account.

For B and T mesons the relative probabilities for these
processes is calculated by Ali et al. [4], and we use their

results here. For D mesons, the semileptonic branching ratios




are experimentally known, while process I is suppressed and
here neglected. Similar calculations as in ref. [4] for the F
mesons give approximately a 3:5 ratio for processes I:II, and
the semileptonic decay probability is determined to give the

same ratic III:II as in D meson decay.

(B) Strong final state interactions

The quarks produced in the primary decay interact in the final
state via the strong force so that only hadrons come out. The
momenta of the leptons in semileptonic decays are determined by
the primary decay matrix element, but this is not so for the
hadrons. We expect that the guarks stretch out colour force fields

between them in a way similar to a quark jet in e'e -annihilation.

Quark-antiguark pairs can be produced in these fields and combine
into hadrons., However, we know that, because of the finite trans-
verse momenta within a jet, e'e -events do not look jetlike below
a total energy of 6 GeV. Instead, the particle distributions are
fairly well reproduced by a phase space model. For this reason

we do not expect jet-like events in these weak decays, in parti-
cular in view of the fact that in most cases more than one guark-
antiquark pair share the available energy. Alsc for t quarks,
where the energy is not low, we note that due to the mass of the
b quark, the maximum rest frame rapidity for a B meson in a
two-body decay is as low as 1.2 units. In our model the hadrons
in nonleptonic decays are therefore distributed according to

phase space only.




(y) Multiplicity

For nonleptonic decays we expect the average multiplicity to
grow logarithmically with the available energy. We also expect
somewhat more particles for process II than for I. Hence we

will assume

No l (__m) _
= — 4+ C n = =
<n> g ' C, + C

where m 1is the mass of the decaying meson and n, is the
number of quark-antiquark pairs in the primary decay, i.e.
N, =1 for I and N, =2 for II. The Congtants C and c,
should be determined experimentally. While waiting for more
experimental data we use c, = 1.8 and Cy = 800 MeV, which

is consistent with observed charged multiplicities for D°

+

and D [7].

For convenience we use a Gaussian multiplicity distribution of
the form

2
-(n-g-c)/2
£ (n)dnec e | 2 ) /2

(n rounded off to nearest integer, n > ng » n 2 2 , n<10).
A substitution to e.g. a Poisson distribution can easily be made

using local library files.

(8§} Flavour combinations

When a qgq pair is produced in the colour field, we expect
that the quark and the antiquark will be pulled apart by the

strong force, so that they cannot combine with each other to




form a meson. We also think the quarks produced in the primary
weak decay are in the endpoints of the colour flux tubes, so
that they are more likely to combine with the new quarks than
with each other. Hence we exclude the possibility that the

primary quarks and the new quarks will combine separately.

Once the multiplicity n o% a decay has been determined as in
the previous section, our model gives the flavour of the mesons
in a way very similar to the iterative jet fragmentation scheme
outlined in chapter 2. Consider a weak decay (via process II)

giving four primary quarks, 'a' , '6' , 'c' , and 'd’' . A pair

'ee

now is created, with equal probability in either of the

four colour fields, one associated with each quark. The pair is

ae' , 'eb' , ce' , or

pulled apart to give a meson, either
'ed’ , leaving behind a new state with four quarks. This procedure
is iterated n-2 times, the final two mesons being obtained by

a random combination of the quarks then left. The case of two

primary quarks (process I) is treated similarly.

Unless otherwise specified, we generate ut:dd:ss pairs with
probabilities 2:2:1 and pseudoscalars:vector mesons with

probability 1:1 , as in chapter 2.

(e) Semileptonic decays

For semileptonic decays, the energy in the quark-antiquark

system is too low to produce many new pairs. In B and T decays,
usually at most one extra slow pion could be produced, which

would hardly be discernible from pions produced in secondary

decays. We therefore only take into account three-particle decays




— = T
Note however that h <can he a vector meson which afterwards

decays into two pseudoscalar mesons.

Here phase space only would not suffice, since the e* and ui

will give rise to energy spectra reflecting the primary decay,
little disturbed by final state interactions and secondary decays,
contrary to the case for hadrons. Instead the momentum distribution
is determined by a matrix element similar to the one in muon decay
[8,9]. If H contains a heavy quark Q with charge + 2/3 we

Mm% (py pe)( Po Pr)

whereas if @ has charge -1/3 we have

M2 < (pyP3,) (pumPn)

3b. T and "onia”" decays

The hadronic decays of the heavy 1 lepton are treated as the
hadronic decays of heavy mesons, except that Vo is included in
ng and n . No particular care is thus taken with the v, energy

spectrum. For the leptonic decays, we use the relevant matrix

element

[MI?C (pe-P5, ) (p,- Pu,) I= e, m

-

This program is not intended for the study of the "onium” qq

states, but for completeness and since some ¢ and n. actually




are produced in B meson decay, the ground states have been
included using the same decay scheme as in hadronic weak decays.
For the pseudoscalars, we assume annihilations into q’a' systems
with probabilities «= ei, , while for vector mesons also 2+2— ,

£ = e,u, T, decays are generated, with branching ratios from

refs [6,10].

The different particle decay channels and branching ratios are
summarized in Table 7. Here the notation *0105% denotes a

9,49, pair produced in the primary quark decay in either of

processes I, II or IITI or in 1t or "onium” decay.

4. The program components.

The division into different program components is unchanged. We

have [1]

1) JETGEN, which generates the primary mesons of the jet,
2) DECAY, which handles the decay into stable particles,

3) EDIT, which may be used to throw away uninteresting particles

or make overall rotations or Lorentz boosts,
4) LIST, which lists the particles of the jet,

5) BLOCK DATA, containing the tables and default values.

The components are written in FORTRAN 77, the only non-standard

feature being the random number generator RANF.

With the extension from 19 to 87 particles, a new classification

system for K(I,2) 1is introduced (Table 7). The stable particles

+ + * + o

in our program now are Yy , e , W, mw , K™, KL , and the

neutrinos.




4a JETGEN

With the advent of ¢ , b , and t Jjets, IFLBEG may be chosen
between -6 and 6 , excluding 0 (Table 5). Since the new quarks
can no longer bo considered massless when calculating

(E + pz)initial’ a new vector GQMAS, containing suitable quark
masses, is introduced. We must then demand that

EBEG > QMAS(|IFLBEG|) (see also chapter 5).

Changes not visible to the user include the new distributiaon

in x for heavy mesons, the cut on the first meson P and a
new internal bookkeeping for quark flavours, so that quarks
consistently are denoted by positive intégers and antiquarks

by negative ones, as for IFLBEG .The argument for the new MESO

vector is of the form 6 « (IFL(gquark)-1) - IFL(antiquark)

Also, calls to DOECAY are now made on the basis of the actual

values in the IDB vector in the commonblock DECPAR ; 1if

IDB(K(I,2)) 0 , the particle is taken to be stable.

4b  DBECAY

The purpose of a CALL DECAY(IPD,I) 1is, as before, to let the
particle in row IPD decay and store the products immediately
below row I, but the introduction of heavy meson decays has

made a complete revision necessary.

The so-called M-generator method used for pure phase-space
decay is described in ref. [11]; a short summary is given here
mostly to define the terminology. An n-particle decay is suitably

described as n-1 two-particle decays, schematically (for n=4)




The decay product masses m +om_are stored in

(e

P(I+1,5),...,P(I+ND,5) , while the invariant many-particle masses
.,Mn are stored in PM(1,5),...,PM(ND,5) . Furthermore,

M,I corresponds to the decaying particle itself, and Mn = m

It can now be shown that, by taking n-2 random numbers between

0 and 1 and ordering them so that R2 > R3 > .. > Rn—1 ,

an unbiased set of Mi can be obtained:

|s

2 .
Mp= 2 mj+ K’,—(M, - ,mj) = 2, 0
=i i

]

The weight for this set is

n-|
W T = FAWT( Mi, Mivr, m;)
i=1
where PAWT(M.,M. ,,m.) is the CM momentum of m. and M.
i’ i+17 74 i i+
in the decay Mi > Mi+1 rom.o No closed expression for the

maximum value of WT is known; one upper limit is found by

taking the maximum value for Mi and the minimum value for

Mi+1 in each factor above:
n-| (-1 4 :
WT < [T rAwT( MI’%, mi i ,J:?J ) m")
=1 -

This, however, is a very bad approximation to the maximum weight

WTMAX we may expect in reality, and has to be improved by the




use of an n-dependent correction factor WTCOR, determined by

experience so that we still have WT < WTMAX in the vast

majority of cases.

Step 1:

Step 2:

Step 3:

The point at which to enter the decay tables is stored
in the IDB wvector for each particle type. Tp keep
down the size of tEese tables, an antiparticle has the
same entry point as the corresponding particle, which
is corrected for in step 5. The decay channel is chosen
by comparing a fixed random number TBR with an accu-
mulating sum of branching ratiocs, CBR(IDC) . Once the
decay channel IDC is determined, the decay products
are given by KDP(IDC,J) , J=1,2,3 . If KDP(IDC,J) =0,
it means that no particle is stored there, while
KDP(IDC,J) > 0 signifies a particle following the code
system for K(I,2) (Table 7) and KDP(IDC,3) <O
denotes a quark-antiquark pair stored on the form

-[6 ¢« (IFL(quark)-1) - IFL(antiquark)]. These pairs are
divided into separate gquarks, storsd in IFLQ . The number
of "ready-made” particles fetched from KDBP is called

NP , the number of quark-antiquark pairs NQ .

If we only have well-defined particles, we can proceed
to step 5, else the totel multiplicity NB 1is found
as described in chapter 3 (and Table 3). In particular

note that ND=3 for semileptonic decays.

The working area IFLR , containing the unpaired quarks,
is in the beginning equal to IFLQ . Quark-antiquark

pairs are then generated in the force fields, with




Step 4:

Step 5:

Step 6:

Step 7:

Step 8:

Step 9:

_’|5_

probability PUDD for uu , the same for dd and
1-2 « PUDD for ss . Meson flavours are formed and stored
in K(I1,1) , while the new unpaired guarks are placed

in IFLR . In the end, these quarks are also paired off.

Spin is now added to the meson flavours, with probability
PS1D for spin 1 ana 1-PS1D for spin O. Flavgur mixing,
if needed, is done as in JETGEN , after which the mesons
are well defined. If PSUM , the total mass of the decay
products, is too large, we must go back to step 2 and

start over again.

The aforementioned correction for the case of a decaying
antiparticle (according to our arbitrary but well defined
conventions) is made by replacing all particles in the

final state with their antiparticles and vice versa.

0

0
The one-particle "decays”" (e.g. K~ - KS ) are performed.

For two-particle decays, no weighting is needed.
The maximum weight is calculated as described above.

The M-generator method gives a set of Mi and an
associated weight. The set is accepted with a probability
proportional to this weight. If it is rejected, a new

set of M, is generated,and so on.

Two-particle decays, Mi - Mi+1 + m., , are now trivially

performed in the respective CM frames. The momenta of the

Mi are saved in the PM matrix.




Step 10: First the identity between Mn .and m_ is again used.
The i:th row (i>2) of the PM matrix then defines the
boost that takes the particles Moseeesm from the rest
frame of Mi to that of Mi-1 ; with the first row the
products are taken from the decaying particle rest frame

to the lab system.

Step 11: For the semileptonic decay of heavy mesons and the
leptonic decay of 1 , the value of the matrix element
is calculated. Here FOUR denotes the invariant four-
vector product. If the event is rejected, return to
step 8. The decay of w or ¢ -into m'r w° is treated
similarly, with the matrix element presented previously,

. 2 2 . . . .
times mw or m, , written in Lorentz invariant form.

¢

4c EBDIT

The parts of EDIT describing rotations and Lorentz boosts are
unchanged, but the first part has been changed as follows (cf.

Table 4). No acticon at all is taken if ITHROW = 0 , while for
ITHROW # 0 all particles with p < PMIN and all unstable particles
are thrown away. Further, for ITHROW > 0 only particles with

P, > PZMIN are kept, while for ITHROW < 0 we instead keep only
particles coming from a primary meson with P, > PZMIN . Finally,

for |ITHROW| > 2 neutrinos are thrown away, and for |ITHROW| > 3

6]

also vy and KL

4d LIST
LIST is unchanged, except that whether a particle is denoted as

stable or not depends on the actual values in the IDB vector.




4e BLOCK DATA

Default values for the parameters of the commonblock DECPAR are
introduced, and the particle data part is increased to include

the new particle (Tables 1-7).

5. How to use the program.

The Jjets produced with a CALL JETGEN(N) , possibly followed by
a CALL EDIT(N) , are available for analysis, stored in the N

first rows of the block
COMMON/JET/ K(100,2) , P(100,5)

(Table 1). In particular, note the particle classification system
used for K(I,2) (Table 7). An example of the information stored
in JET after a JETGEN call is found in Appendix 2. We note
that, due to the long decay chains, the numerous o decays, and
the production of particles with p, < 0 , the number N of filled
rows in JET will grow rather large. The limit may be reached for
high energy t quark jets; the remedy then would be to increase the

size of the K and P matrices.

All parameters are provided with sensible default values. These

values can be changed via the commonblocks PAR , DECPAR and EDPAR.
The parameters in the block
COMMON/PAR/ PUD , PS1, SIGMA , CX2 , EBEG , WFIN , IFLBEG

govern the jet fragmentation process proper (Table 2). The first

four are initially set to values consistent with the Field-Feynman




model [2]. The flavour of the original quark is given by IFLBEG
(Table 5), unless otherwise specified we have a u jet. The jet
energy, by default 10000 MeV, has to be so large that we at least

can give the first meson a P, > 0 , which in practice means

EBEG > QMAS(|IFLBEG|) + 550

where QMAS 1is the quark mass, Alsc. note that EBEG dces not

precisely equal the total energy of the final jet.
Through the block

COMMON/DECPAR/ PUBD , PS1B , CND1 , CND2 , IDB(96)

the performance of the DECAY subroutine can be controlled

(Table 3). PUDD and PS1D are initially set to the same values as
PUD and PS1, but can be varied independently. As more experi-
mental data become available, better estimates for CND1 and

CND2 may be made. Using the IDB vector, one can selectively
"make” a given particle stable, e.g. IDB(51) = 0 suppresses the
decay of o . Particularly, to avoid the decay of K2, one may

S
put IDB(25) = IDB(26) = 0.

The procedure of extracting a physical jet, with the use of the

EDIT subroutine, can be controlled via the block

COMMON/EDPAR/ ITHROW , PZMIN , PMIN , THETA , PHI , BETA(3)

(Table 4),

Also the other commonblocks can be of use. In particular, correctionsin
PMAS and (MAS will certainly become necessary once the t quark
is found. Further changes, e.g. the use of another scaling function

in x for heavy mesons, can be made in the subroutines proper.




19

Although the program is intended for
used separately for the study of the

Before making a CALL DECAY(IPD,I)

b4

P(I,Jd) J=1,2,3,4,5, and IPO0 have

’

(arbitrary) K(I,1) > 0 may alsc be

jet studies, DECAY can be

decay of a given particle.

the values of I K(I,2)

2 2

to be provided by hand. An

needed to ensure correct

action in subsequent EDIT 'calls. To simulate the complete decay
chain, use a loop as in step 6 in JETGEN
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Appendix 1

Listings of the program components

SUBROUTINE JETGEN(N)

COMMON /JET/ K(100,2), PC1CGC,S)

COMMON /PAR/ PUD, PST1, SIGMA, CXJ, EBEG, WFIN, IFLBEG
COMMON /DECPAR/ PUDD, PS1D, CND1, CND2, 1DB(96)
COMMON /DATA1/ MESOC(I6), CMIX(&,2), PMAS(96), GMAS(6)

1 INITIAL VALUES, PT FOR FIRST GWUARK
1=0
1P0=C .

W=EREG+SQRT (EBEG*#2-QMAS(IABSC(IFLBEG))xx2)
IFL1=1FLBEG

PT1=SIGMA*SQRT(-ALOG(RANF(C)))
PHIT=6.2832*RANF (()

PX1=PT1*xCOS(PHI1)

PY1=PT1*SIN(PHI1)

2 FLAVOUR AND PT FOR NEXT ANTIGQUARK

1C0 I=1+1
IFL2=ISIGNC(T+INT(RANF(CI/PUD),-IFLT)
PT2=SIGMA*SQRT(-ALOG(RANF(0)))

PHIZ2=¢€.2832*RANF((0)
PX2=PT2*CO0S (PHIZ)
PY2=PT2+*SIN(PHIZ)

3 MESON FORMED, SPIN ADDED AND FLAVOUR MIXED
KCI,1)=MESO(G*(MAXCIFLT,IFLZ)=-1)-MINCIFLY,IFL2))
ISPIN=INT(PST1+RANF((C))

K(I,2)=20+44C*ISPIN+K(I, 1)

IF(K(I’1)'GEO}1.AND.K(I’1).LE033) THEN

TMIX=RANF (D)

KM=K(I,1)=-3C+3*ISPIN
K(1,2)=S1+46CxISPIN+INT(TMIX+CMIX(KM, 1)) +INT(TMIX+CMIX(KM,2))
ENDIF

4 MESON MASS FROM TABLE, PT FROM CONSTITUENTS

P(1,5)=PMAS(K(1,2))

P(I,1)=PX1+PX2

P(Y,2)=PY{+PY2
PMTS=P(1,1)2%2+P (1 ,2)**2+P(I,5) %%

S SCALING IN X GIVES E AND PZ, CUT IN PZ FOR FIRST MESON

110 X=RANF(()

IFCIABSCIFLT) eLEe3eANDeRANF (D)WL TelX2) X=1o=X4*x(1,/32,)
PCI,3)=(X*w-PMTS/(X*W)) /2,

PCI.4)=(X*W4PMTS/ (X*W)) /24

IF(IEQeTANDP(I,3)eLEWLCe) GOTO 11C

¢ IF UNSTABLE, DECAY CHAIN INTO STABLE PARTICLES

120 1PD=IPD+1
IFCIDBC(KCIPD,2))+GTe0) CALL DECAYCIPD,I)
IFCIPDeLT eI «ANDeIWLEC97) GOTO 120

7 FLAVOUR AND PT FOR QUARK FORMED IN PAIR WITH ANTIQUARK ABOVE

IFL1=~IFL2
PX1=-PX2
PY1==PY2

€ IF ENOUGH E+PZ LEFT, GO 70 ¢
Wz=(1e=X)*W
IF(WeGT WFINJANDeI«LEL96) GOTO 100
N=]1
RETURN
END




SUBFOUTINE DECAY(IPD,ID
COMMCN /fJET/ x(iCC,2), PC100,3)
COMMON /DECPAR/ PUDD, PS1D, CND1, CNDZ, IDB(S6)
COMMON /DATA1/ MESO0(26), CMIX(E,2), PMAS(96), QMAS(S)
COMMON /DATAZ/ CBR(135), kDP(125,3), WTCOR(I()
DIMENSION IFLG(4), IFLR(4), PM(1C,5), RND(C10), U(3), BE(3)
PAWTC(A,B,C)=SART((AX*Z2=(R+CI*#2)x (A**2=(BE=CI)x%2)) /(2. %A)
FOURCI,JI=P(I, 4)*P(J,4)=P(I,)*P(J,1)=P(1,2)*xP(J,2)-P(1,3)*pP(4,3)
C 1 DECAY CHANNEL CHOICE, GIVES DECAY PRODUCTS
TBR=RANF (D)
IDC=IDBC(K(IPD,2))~1
1C0 10C=IDC+1
IFCTBRGTLCBRCIDC)) G6O0TO0 1CQ
NP=J
NG=C
PSUMP=0,
DO 11C IM=1+1,1+2
K(11,2)=KDP(IDC,I1-1)
IF(K(I1,2)e6T&C) THEN
NP=NP+1
k(11,1)=-1PD
PCI1,5)=PMAS(K(I1,2))
PSUMP=PSUMP+P(11,5)
ELSEIF(K(IT1,2).LTo0) THEN
NQ=NQ+1
IFLG(Z2*NQ@=1)=(5-K(11,2))/¢
IFLRQEZANQI=K(I1,2)+6*(IFLQ(2*NG=-1)~-1)
ENDIF
117 CONTINUE
C 2 DECAY MULTIPLICITY
ND=NP+NQ
PSUM=PSUMP
IF(NG.EQ.T) GOTO 170
CND=CND1*ALOG(P(IPD,S5)/CNDC)
120 GAUSS=SQRT (-2 *CND*ALOGC(RANF((U))II*XSIN(6.2822+*RANF (D))
ND=CoS5+LeS* (NP+NQ)+CND+GAUSS
IF(ND LT eNP+NGQGeORGNDeLTe2+e0ReNDsGT«10) GOTO 120
IF(NP+NQEQG ¢ 2 AND QK(I"'Z,Z)oGEo?.AND.K(I"’Z,Z)OLE «18) NE=3
C 2 GENERATION AND PAIRING OFF OF QGUARK-ANTIQUARK PAIRS
oo 130 J=1,4
130 IFLROII=IFLQC(Y)
IF(ND ,EQNP+NG) GOTO 150
DO 140 IT=I+NP+1,I+ND-NG
IG=1+INT(2*NQARANF (0))
IFLN=ISIGN(T+INT(RANF(0)/PUDD),-1FLR(1Q))
KCI1,1)=MESO(&* (MAXCIFLR(IG),IFLN)=1)-MINCIFLR(CIQ),IFLN))
140 IFLRCIQ)=~-IFLN
150 IQ=2+2*INT(NG*RANF(())
KCI+ND-NQ+1,1)=MESOCE*CIFLR(1)~-1)~IFLR(IQ))
IF(NG+EQe2) KC(IAND,1)=MESO(6*(IFLR(3)-1)-IFLR(6-1Q))
C & MESONS ARE FORMED, IF TOTAL MASS TOO LARGE GO TO 2
PSUM=PSUMP
DO 160 I1=I+NP+1,1+ND
ISPIN=INT(PS1D+RANF (1))
K(11,2)=2C+40*x1SPIN+K(11,1)
IFCKCIT,1)eGE«3T1eANDK(IT,1),LEL2E3) THEN
TMIX=RANF(C)
KM=K(I1,1)=-30+3+ISPIN
KC(I1,2)=S1+4C*ISPINSINT(TMIX4CMIXC(KM, 1))+ INT(TMIX4CMIX(KM,2))
ENDIF
K(I1,1)==1IPD
P(I1,5)=PMAS(K(I1,2))




140 PSUM=PSUM+P (I1,53)
IF(PSUM+S5 ,+GT.PCIPD,5)) 60CTO 12C
S PRODUCT CHARGE CONJUGATION FOR DECAYING ANTIPARTICLE
170 IFC2*(KCIPD,2)7/2) ¢EQeK(IPD,2)) THEN
D0 180 I1=1+1,I+ND
KCOR=K(I1,2)-(=1)**(K(I1,2)-2%(K(11,2)/2))
IF(K(I1,2)OGE.?.ANDQK(11’2)lLE.SC) K(11,2)=KCOR
180 IF(KCI1,2)eGEebT1ANDK(IT,2)eLELSC) K(I1,2)=KCOR
ENDIF
& ONE-PARTICLE DECAY, START ND-PARTICLE DECAY
IF(ND «EQe1) THEN
DO 19C J=1,4
190 P(I+1,4)=P(1PD,J)
60To 33
ENDIF
po ¢0C J=1,°
200 pm(1,4)=P(1PD,J)
PV(ND,S5)=P(I+ND,S)
IF(ND.EQe2) GOTO 26C
7 CALCULATION OF MAXIMUM WEIGHT
WIMAX=1/WTCOR(ND)
PMAX=PM(1,5)~PSUM+P(I+ND,5)
PMIN=C-
0o 210 IL=ND-1,1,-1
PMAX=PMAX+P (I+IL, %)
PMIN=PMIN+P(1+IL+1,5)
210 WTMAX=WTMAX*PAWT (PMAX , PMIN,P(I+1L,5))
& M-GENERATOR GIVES WEIGHT, IF REJECTED TRY AGAIN
20 RND(1)=1.
PO 24C 1L1=¢,ND-1
RAN=RANF ()
DO 235 IL2=1IL1-1,1,-1
IF(RANCLERND (IL2)) GOTO <4 G
23C RND(ILZ24+1)=RNDCIL2)
240 RND(ILZ+1)=RAN
RND(ND)=C,
wT=1.
DO 250 IL=ND-1,1,-1
PMCIL,S)=PM(IL+1,5)+P(I+IL, SI+(RNDCIL)~-RNDCLIL+1))*x(PCIPD,S5)~-PSUM)
250 wWT= NT*PAHT(PV(IL, ), PN(IL+1,5) P(I+1IL,5))
‘ IF(WT LT RANF(O)*kTMAx) 6070 227
Q TWwO~PARTICLE DECAY IN CM
260 b0 280 1L=1,ND-1
PA=PAWT(PM(IL,S),PMC(IL+1,5),P(1+1IL,5))
U(3)=2.*RANF(C) -1,
PHIT6 42832+ RANF (D)
U(1)=SQRT(1.~U(3)*x*2)*COS(FHI)
U(2)=SART(T=U(3)**x2)*SIN(PHI)
po 27C J=1,2
PCI+IL,J)=PAxU(J)
270 PMCIL+1,8)==-PAxU(Y)
P(I*IL,h)=SGRT(PA**2*P(I*1L,5)**2)
280 Pﬂ(IL*1,&)=SQRT(PA**Z*PM(IL+1,5)**2)
1C DECAY PRODUCTS LORENTZ TRANSFORMED TO LAB SYSTEM
DO 293 J=1,4
260 P(I+ND,J)=PM(ND,J)
DO 220 IL=ND-1,1,-1
po 2CC J=1,2
ICC BECS)=PM(IL,J)/PM(IL,4)
GA=PMCIL,4) /PMCIL,S)
DO 220 I1=1+IL,I+ND
BEP=RE(1)*P (11,1)4BE(2)*P(11,2)+4EE(3)xP(11,2)




c

Do 21C 4=1,3
210 P(11,4)=PCI1,J)+GA*(GA/ (1.+GA)*BEP+P(11,4))*EE(J)
320 P(I11,4)=GA*x(P(I11,4)+BEP)
11

MATRIX ELEMENTS FOR SEMILEPTONIC AND CMEG AND PHI DECAYS

IF(ND eEQeZeANDeK(I42,2)eGEe7eAND K (I42,2) LE,18) THEN

WwT=FOURCIPD,I+1)*FOURCI+Z,I+2)
IF(WT o LTRANF(C)*PCIPD,S)**4/WwTCCR(1)) GOTO 220

ELSEIF(ND EGQe2oAND o (K(IPD,2)+EQsFCsORK(IPD,2)eEQaF3)) THEN
WT=(P(I+1,5)%P(1+2,5)*P(I+43,5))%*%2-(P(I+1,5)*FOURCI+2,1+3))*%2
&E=(P(I+2,5)*FOURCI+T,I+2))%x22=(P(I+3,5)*FOUR(I+1,I+2))**2

R4 2.*FOURCI+1,I+42)*FOURC(I+T,1+3)*FOUR(I+2,1+3)
IF(WT JLTRANF(C)*P(IPD,S)x*6/WTCCR(2)) 6OTO 220
ENDIF
I=I+ND
RETURN
END

tN
L]
m

SUBROUTINE LIST(N)
CoOMMON /JET/ K(1C0,2), PCICC,5)
COMMON /DECPAR/ PUDD, PS1D, CND1, CNDZ, IDB(94)
COMMON /DATA3/ CHAT1(26), CHAZ2(9¢), CHA3(2)
WRITE(6,110)
po 100 I1=1,N
IF(KC(I,1)e6TeC) C1=CHAT(K(1,1))
IF(KCI,1)LELC) ICT1=-K(I,T1)
C2=CHAZ2(K(1,2))
C3=CHAZ(1)
IFCIDB(K(I,2))eEQa0) C2=CHAZ(Z)
IF(KCI,1).GT40) wRITE(E,120) 1, €1, C2, €2, (P(I1,J),
16C IF(k(I,1).LE.C) WRITE(&,130) 1, 1¢1, Cc2, ¢3, (P(1,0),
RETURN
14C FORMATC////TY4,"1',TY7,°0RI"*,T24, "PART®,T22,'STAE",
BT44,°PX*,T56,° 'PY®, T&8, P2, TEC, E*,T92,' "' /)
12C FORMATU(IOX,12,4X%X,A2,1X,204X A4), SC4X,F8.1))
130 FORMAT(10X,12,4X,1X,12,206X%,A4),504X,F8.1))
END




SURROUTINE EDIT(N)
COMMON /JET/ K(10C,2), PC1CC,5)
COMMON /DECPAR/ PUDD, PS1D, CND1, CNDZ2, ICR(96)
COMMON /EDPAR/ ITHROW, PZMIN, PMIN, THETA, PHI, BETA(3)
REAL ROT(3,3), PR(3)
C 1 THROW AWAY NEUTRALS OR UNSTABLE OR WITH TOO LOW PZ OR P
IFCITHROW.EG.C) GOTO 12C
11=C
poO 11C I=1,N
IFCITHROWeGToeCoeORe (ITHROWSLT 4l oAND «K(I1,1)46T4C)) PZ=P(I,2)
IFCIAESCITHROW) oGE«1eANDIDB(K(I,2))eGT.C) GOTO 11C
IFCIABSCITHROW) ¢GEe2 e ANDo(K(I,2)eEQePeORK(I,2)¢EQeT1C4O0RK(1,2),
BEUe T3 ¢ORGK(I,2) ¢EQe14e0RK(],2)eEGeT17¢0Rek(I,2)EQeT18)) GOTO 11C
IFCIABSCITHROW) sGEoe3eANDe (K(I,2) eEGeT1sOReK(I,2)EQ.58)) 60TCQ 11C
IFCPZ JLTePZMINORGP(I 4)x*x2=P(1,5) %22 ,LT.PMIN**xZ) G0TO 11C
I11=11+1
KC(I1,1)=1pIMk(1,1),0)
K(I1,2)=K(1,2)
po 1C0 4=1,5
1C0 P(11,4)=P(1,J)
110 CONTINUE
N=T1
C 2 ROTATE TO GIVE JET PRODUCED IN DIRECTION THETA, PHI
1¢C IF(THETALLT1E-4) GCTO 150
ROT(1,1)=COSCTHETA)*COS(PHI)
ROT(1,2)==SIN(PHI)
ROT(1,3)=SIN(THETA)*COS(PHI)
ROT(2,1)=COSCTHETA)*SIN(PHI)
ROT(2,2)=COS(PHI)
ROT(2,3)=SINCTHETA)X*SIN(PHI)
ROT(3,1)==-SIN(THETA)
ROT(3,2)=0,
ROT(2,2)=COS(THETA)
DO 14C I1=1,N
po 13C ¢=1,3
130 PROII=P(I,J)
po 14C J=1,3
140 P(I,J)=ROT(J, 1) *PRCII+ROT(J,2)*PR(2I+ROT(J,3)*xPR(32)
C 3 OVERALL LORENTZ BOOST GIVEN BY BETA VECTOR
150 IFC(BETA(TI*224BETA(2)**x24BETA(2)*%2 ,LTo,1E~-8) RETURN
GAT1e/SGRT(14-BETA(1) *#*2-BETA(2) 2%2-BETA(2) *%x2)
b0 17C 1=1,N
REP=BETAC(1)*P(I,1)+BETA(2)*P(I,2)+BETA(2)*p(]1,2)
b0 160 J=1,3
1¢0 PCI,3)=P(I,Jd)+GA*(GA/ (1.+GAI*BEP+P(I,4))*RETA(J)
17C P(1,4)=6A*(pP(1,4)+BEP)
RETURN
END

BLOCK DATA

COMMON /PAR/ PUD, PS1, SIGMA, (X2, EBEG, WFIN, IFLEBEG

COMMON /DECPAR/ PUDD, PST1D, CND1, CND2, IDB(96)

COMMON /EDPAR/ ITHROW, PIMIN, PMIN, THETA, PHI, RETA(Z)

COMMON /DATA1/ MESO(36), CMIX(6,2), PMAS(S6), QGMAS(E)

COMMON /DATAZ/ CBR(135), KDP(125,3), WTCOR(IO)

COMMON /DATA3/ CHAT(36), CHAZ2(96), CHA3(2)

DATA PUD/Ce&/, PS1/0.5/, SIGMA/3504/, CXx2/0.777,
REBEG/1C00C./, WFIN/10Ce/, IFLBEG/1/




DATA PUDD/C.4/, PS1D/Ce5/, CND1/1.8/, CNDZ/ECCW/

DATA IDB/164%*0Q,2%1,8%0,2%4,2%6,2+9,2%12,2+*16,2%21,2%2¢,2*3¢,
E2%3G,2%45,2%5(C,2*55,2%€1,67,69,74,79,82,8¢,91,3%C,2%93,2%94,
R2+%96,2*58,2*100,2%103,2%104,2*105,2+%106,2*107 ,2*1C€,2+109,2+110,
£2%111,2+112,113,1146,117,121,126,130/

DATE ITHROW/1/, PIZIMIN/C./, PMIN/C./, THETA,PHI,BETA/S *(0e/

DATA MESO/31,1,3,8,14,22,2,32,5,1C,16,264,4,6,33,12,18,2¢,7,9,11,
£34,20,28,13,15,17,19,35,3C,21,23,25,27,29,36/

DATA CMIX/2%0¢5,14,2%0e5,14,2%0425,045,2%0.,14/

DATA PMAS/&*0.,2*%Ce5,2%0.,2%105.7,2%C.,2%1782.,4%C,,
§2%139,6,2%493.7,2%497.7,2*18€¢3.3,2%186843,2%2040.,6%5C70.,2%527C.,
82 %6370.,4*152704,2%15470.,2%16570.,2%1977C.,135.,5648.8,957.6,
82856.,9400.,29970.,2*497.?,Z*C-,2*?65.9,2*892.2,2*896.3,2*2006.,
&2*2C08.6,2*214G.,4*511C.,2*531C.,2*6410.,4*1531G.,2*1551C-,
82%16610,,2%19810.,770.2,7826,101546,3097.,966C,.,3CC10./

DATA QMAS/2CC.,3200.,5C0.,160C.,48CC.,150CC/

DATA CBRIo“?,oS‘l,‘Io,050,1.,o13,c2¢,1o,o13,.2¢,1o,o"G,-ZC‘,.?C,
810,017, ¢34, 39,490,104, 017,¢346,439,490,10,076,032,¢37,485,.95,
81.,.0?,.18,.29,.32,.66,.73,1.,.C9,.18,.26,.55,.7?,1.,.12,.24,
€eb,e71,1e,012,026,¢34,471,14¢,009,418,026,¢55,077,14,09,.18,
8.26,.55,.77,1.,.988,1.,.381,.681,.918,.969,1.,.426,.662,.959,
8-93,1.,-66«,.83,1.,.4C,.SC,.60,1.,.37,.46,.55,.91,1.,.686,2*1-,
8eb67, 10, 0667,10,055,10,060,¢80,12%14,4859,4987,1,,.486,4837,

8 e98b, 10, 007,016,470,¢85,7¢,4Ct,408,412,14,.08,016,424,1.,2%.0/

OATA KDP/10,14,17,57,58,9,12,-2,8,12,-2,8,12,2%-2,1C, 14,18,
8-?,-1é,10,1&,18,-7,—16,1C,14,1&,-?,-16,-22,15,10,14,13,—?,2*-16,
8&,12,16,-2,-21,-26,8,12,1¢,-2,-21,8,12,1¢,-2,-21,8,12,16,-2,
£-21,-27,8,12,16,-2,2*-21,3%1,51,22,2*1,21,51,3*1,-1,-¢&,-15,-1,
&-%,-15,-22,-1,-8,-15,-2¢,-29,21,51,21,25,2%23,25,3%27,2%29,31,
£33,25,37,39,41,47,45,47,49,21,2¢,1,22,23,25,21,1,8,12,-1,-8,
g-15,£,12,1¢,55,8,12,1¢,5¢,9,12,7,11,-7,2*(,9,13,-13,9,13,-14,
£9,1%,-15,¢,7,11,15,2*-19,7,11,15,2%-20,7,11,15,2%*-21,0,18,7,
811,15,2%-22,0,9,13,17,2%-25,C,9,13,17,2%-26,9,13,17,2+-27,9,
£13,17,2*-2&,0,9,13,17,2%-29,06,1,¢,1,51,21,22,1,22,51,91,9¢2,1,
g§12%C,22,2%51,21,51,22,2*51,1,21,51,11%1,22,21,51,21,24,26,22,
852,7,11,2+¢,7,11,15,1,7,11,15,1,C,=2C,c*17,2+0,c*=13,0, z2*-14,
§0,2*=15,2%C,3*-19,2*0,3%-20,2%C, 2*=21,4%0,2%-22 ,3+0,2%=-25,32%C,
RI%=26,2%0,3%=-27,2+0,3%x-28,23+(C,2%x=-29,4x0,7,0,2%51,21,51,2*5¢,
83Ex0,51,4+0,51,16*0/

DATA WTCOR/1€4,15Ce,2¢,5¢,15.,¢C.,25C,,150C.,1200C,,12C00C./

DATA CHA?I'UD','DU','US','SU',’DS','SD','CU','UC','CD‘,'DC','CS',
&'sc','eu’,'us®,*BD','DE",'BS’, "SR, *BC","CRY, TU, LT, 0T, DT,
CRUTSY,'ST',CTC’,'CT*,*TE®,*8T*, *UU’, DD, SS"*, "CC,BE", TT"/

DATA CHFZI.GANM',' l’l l‘l I’l I,l ',.E",.E"“,'NUE',.NUEB.,
&'MU‘.,.MU*',.NUM.,'NUMB','TAU",'TAU“.,'NUT.,.NUTE.,' O'C 0’
&OPI.’,|’OPI_Q‘OK,‘,I‘CK_!'IKQO’IKE!‘UDQI’lDBO’ID.’,.'OD_O’IF*O’OF_O'
&'BU-','BU*','BDO','BDB','BSO','BSB‘,'BC~','BC+',°TUG','TUB',‘TD*',
8*TD=", TS+, *TS=","'TCOQ",*TCB", TR+, TB=~-",*PIO", "ETA","ETAP",
SYETAC',"ETAP®,*ETAT®,*KOS*,*KOL", " *,* *,'RHO+",'RHO=", *K*+',
K.K*"',.K*C."K*B',.D*C','D*B.,'D*"",'D*".,'F**.,.F*"‘,SU*""
g BU+",'BD*x0", BD*B", *BS*C", "uS*B", "BCx-", BC*+ ", TU*Q", " TUsB",
BYTD*+ ", "TDA=", " TSH4?, PTSa=" CTCHC®,PTCAB", ' TR*+", " TEx=",
§*RHOO', 'OMEG®,*PHI®, *PS1*,"UPSI*, *"PHIT"/

DATA CHA3/® v,'sSTAB'/

END
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and printed with LIST
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Table 1

The meaning of the entries of the K and P matrices in the

commonblock

Row number
and EDIT

JET

I corresponds to the I:th particle produced or, after

call, the I:th particle retained. Within this row, the

meaning of each elements is as follows.

Element Description
K(I,1) K(I,1) > the particle is a primary meson formed by
a quark and an antiquark in the string,
K(I,1) gives the flavour of this pair,
numbered as in Table 6
K(I,1) = a decay product of unknown origin, the
connection having been lost by an EDIT
call
K(I,1) < a product coming from the decay of the
particle stored in row number -K(I,?1)
K(I,2) particle type, numbered as in Table 7/
P(I,1) Py > particle momentum in the x direction (in MeV/c)
P(I,2) py , particle momentum in the y direction (in MeV/c)
P(I,3) P, - particle momentum in the 2z direction (in MeV/c)
P(I,4) E , particle energy (in MeV)
P(I,5) m , particle rest mass (in MeV/CZ),

values given in Table 7.




Table 2

Default value, allowed range and meaning for the parameters stored
in the commonblock PAR and used in JETGEN

Para- Default value 0 0tio
meter (Allowed range) escription
PUD 0.4 probability that a pair material-
(1_1) h ized in the string will be wuu ,
32 the same for dd , 1-2+PUD for
S5
PS1 0.5 probability that a primary meson
(0.-1.) will have spin 1, 1-PS1 probabi-
lity for spin O
SIGMA 350. primary meson P, probability
(>0.) distribution is given by Gaussian
- 2 2
’ . (pl/Zc ) dzp
2n02 L
(o in MeV/c)
CX2 0.77 (E+p_Jprimary meson
X = = : , 0<x<1
(0.-1.) (E+p_Javailable
the probability distribution for
heavy mesons is flat in x , while
for light mesons it is given by
(1-CX2+3 + CX2 * (1-x) %) dx
EBEG 10000. starting value (in MeV) for the
(>QMAS[[IFLBEG|)+SSO.) energy available in the generation
process
WFIN 100. value (in MeV) for the E+pZ
(>0.) available, below which the genera-
tion of primary mesons is stopped
IFLBEG 1 flavour of the quark giving rise to

(£1,+2,%3,%4,%5,+6) the jet, numbered as in Table 5.




Table 3

Default value, allowed range and meaning for the parameters stored
in the commonblock DECPAR and used in DECAY and, for 1IDB , in
JETGEN and EDIT.

Default value

Parameter (Allowed range) Description
PUDD 0.4 . same meaning as PUD , but used for
(1*1) pairs materialized in héavy meson
3 decay
P51D 0.5 same meaning as PS1 , but used for
(0.-1.) mesons formed in heavy meson decay
CND1 1.8 for a decaying particle with mass m,
(>0.) CND = CND1 ln(CNDZ)
CND2 800. defines the multiplicity distri-
(<1750.) bution
ND = S(NP+NQ) + GD(CND , /CND)
where NP and NGO 1is the number of
original particles and quark-anti-
quark pairs, respectively, and
GD(u,0) 1s the Gaussian distribution
with mean uw and standard deviation
o
IDB(1) see Table 7 for each particle type KI(I,2) ,
) IDB(K(I,2)) gives the number of
. ‘ the first decay channel, according
IDB(96)

to Table 7; particles with
IDB(K(I,2)) = 0 do not decay.




Table 4

Default value, allowed range and meaning for the parameters stored
in the commonblock EDPAR and used in EDIT.

Jefault value

Parameter (Allowed range) Description
ITHROW 1 . ITHROW = 0: keeps all the particles,
(0,%£1,+2,%3) ne p, or p ocut
ITHROW > 0: keeps only particles with
p > PMIN and pZZPZI"]IN
ITHROW < 0: keeps only particles with
p > PMIN and coming from a
primary meson with P, 2 PZMIN
|ITHROW| = 1: keeps the stable par-
ticles (as declared in IDB)
|ITHROW| = 2: keeps the stable par-
ticles except neutrinos
| ITHROW| = 3: keeps the stable par-
ticles except neutrinos, vy
and KE
PZMIN 0. (in MeV/c) see ITHROW
PMIN a. (in MeV/c) see ITHROW
(>0.)
THETA a. _ rotates the jet axis from the =z
(6) : (0.-7) direction (6=0] to e given polar
PHI 0. angle 6,0
(@) (0.-2m)
BETA(1) 0. gives the jet a Lorentz boost, with
BETA(2) . magnitude and direction determined
BETA(3) 0. by g = =

(B (B%<1.)




Table 5

Quark flavours

IFLBEG Quark IFLBEG Quark

1 -1 u

2 d -2 d

3 s -3 s

4 c -4 c

5 b -5 b

6 t -6 t
Table 6

Meson flavours, used for KI(I,1) > O

K(I,1) Flavour K(I,?1) Flavour K(I,1) Flavour
1 ud 13 bu 25 ts
2 du 14 ub 26 st
3 us 15 bd 27 tc
4 su 16 db 28 ct
5 ds 17 bs 29 tb
6 sd 18 sb 30 bt
7 cu 19 bc 31 uu
8 uc 20 cb 32 dd
9 cd 21 tu 33 sS

10 dc 22 ut 34 cc
11 cs 23 td 35 bb

12 , sc 24 dt 36 tt
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