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Programme summary

Title of programme: FRITIOF Version 1.6.

Computer for which the programme is designed: ND, VAX, UNIVAC, CDC and others

with a FORTRAN 77 compiler.

Computor: ND-570. Installation: University of Lund, Lund, Sweden.

Operating system: SINTRAN III - VSX/500.



Programme language used: FORTRAN 77.

High speed storage required: 61 Kwords.

•Vo. of bits in word: 32.

Peripherals used: Terminal for input, terminal or line-printer for output.

Wo. of lines in combined programme and test deck: 1630

CPC Library subprogramme used: JETSET 6.2; cat. no.: AAFP; ref. in CPC:

39(1986)347.

Keywords: High-Energy Collisions, Hadron-Hadron Interactions, Hadron-Nucleus

Interactions, Nucleus-Nucleus Interactions, Monte Carlo Simulation.

Nature of physical problem

In high energy hadron-hadron and hadron-nucleus collisions particle production

at low transverse momentum is the dominating feature and most of the produced

particles are moving in a narrow cone along the beam direction. This is not

explained by Quantum Chromo Dynamics, the candidate theory of strong

interactions, and is believed to be closely related to quark confinement.

Nevertheless QCD inspired formulations have been used to explain interactions

with small transverse momentum transfers. Questions, concerning the

differences between low and high p^ interactions, the mechanisms responsible

for the momentum transfer and the hadronization processes, are still

unanswered.

Method of solution

When two hadrons collide, momenta are exchanged and two longitudinally excited

objects are created. In hadron-nucleus or nucleus-nucleus interactions each

hadron can make several encounters. In each of the repeted binary encounters,

the objects can get further excited, thereby increasing their masses during

the passage through the nucleus. Finally all the excited objects hadronize

independently, like massless relativistic strings, according to the Lund model

for jet t'raginentation. The hadronization takes place outside the nuclei and

thus no intranuclear cascading is considered.



Restriction of complexity of the problem

The model is limited to lew pj_ processes and neither production of prompt

photons nor Drell-Yan production are concidered. Spectator nucleons, i e parts

of the nuclei not actively participating in the interaction, are not treated

in the model. The produced particles are not allowed to cascade.

Typical running time

The running time strongly depends on the incident particles. Some examples:

pp /s = 63 GeV: "0.1 s/event

n"p Elab = 2 0° GeV: ~ °-05 s/event

p + 1S7Au E l a b = 1 TeV: - 1.2 s/event

1SO + 197Au E l a b = 200 AGeV: - 3.5 s/event

1SO + l97Au E l a b = 200 AGeV: - 12 s/ev«mt (spectator veto)

1. INTRODUCTION

During the years several models, describing particle production in soft

hadron-hadron as well as hadron-nucleus interactions, have been suggested and

detailed reviews are given in refs [l,2]. Some of these models have also been

implemented as Monte Carlo codes.

For many experiments it is of evident interest to study the behaviour of

the experimental set-up in a realistic scenario already long before the actual

data-taking. In later stages of such an experiment it is important to have

models capable of predicting the outcome from what is already known, in order

to recognize signals from new phenomena. It is thus necessary to have a

reliable event simulator able to cope with these requirements.

This paper presents a Monte Carlo programme based upon the model presented

in refs [3,4], in which a hadron is treated as a vortex line in a

superconducting vacuum. The vortex line consists of a hard core which is

surrounded by an exponentially damped field, in a soft interaction a momentum

transfer between two colliding hadrons is assumed to be due to the overlap of

those fields. Having transferred momenta we end up with iwo longitudinally



excited string states which finally fragment into hadrons. When the model is

extended into hadron-nucleus and nucleus-nucleus interactions, the incoming

hadrons may collide more than once and the excited states continue to collide

during their passage through the nucleus. The model shows good agreement with

data, as shown in several comparisons presented in refs [3,4,SJ.

2. MOMENTUM TRANSFER BETWEEN TWO NUCLEONS

As mentioned in the introduction the hadrons are treated as vortex lines in

a superconducting vacuum. A vortex line consists of a hard core surrounded by

an exponentionally damped field. This field is equivalent to a field formed by

coloured dipoles, lined up along the vortex line, and damped by the

surrounding medium. Most of the energy is contained in the hard core which

means that an overlap of the extended fields involves only a small part of the

available energy and an interaction of this kind is treated as soft. Hard

scattering may occur if the cores are involved which may cause the string to

fold or recouple. This possibility is not included in the present version.

As the fields overlap during the collision, the dipole links are treated as

partons, which exchange momenta and many such incoherent momentum transfers

between the dipoles will add up to sizable excitations of the strings. The

total transverse momentum exchange is believed to be small and the important

part -;3 the longitudinal transferred momentum. The incoming hadrons will after

the collision stretch out as longitudinally excited strings which have the

same colour structure as the original hadron strings. In other words, the

momentum transfer is believed to occur without colour exchange.

On the parton level the transfer is governed by the Feynmann wee parten

spectra dx/x. Using the lightcone variables p+=E+pL and p_=E-p£, the

probability distribution for the total transfer can be written as

P . _

P+ P_

The superscripts indicates the direction in which the particle is moving, left

or right. The corresponding p* and p^ are given by momentum conservation. The

values of p* and p£ always increase in a collision. After the collision the

masses of the two objects are calculated by p+p.=m|. If a mass is too small

for fragmentation, but still above the hadron mass, we arrange so that the

hadron continues with the same mass and quantum numbers as in the initial

state. This gives us a possibility to include the single diffractive

excitation channel. A minimum mass for fragmentation is chosen to be 1.2 GeV



for protons which approximately reproduces the cross section for single

diffractive excitation. For pion projectiles we get far too much diffractive

events if we let all masses between the pion mass and the minimum

fragmentation value become diffractive pions. Therefore we have introduced an

extra cut in order to produce the right cross section.

The two excited objects are given small opposite p^ components. The main

reason for this is to give the diffractive hadrons a Pj_ which is not equal to

zero. This p^ is very small compared to the pj_ obtained in the fragmentation

process.

3. HADRON-NUCLEUS COLLISIONS

Models concerning hadron-nucleus interactions can roughly be devided into

two categories, viz models where the incoming projectile rescatters and where

the secondaries are not allowed to produce cascades and models where no

rescattering occurs but where the secondaries produce cascades [2]. Our way of

treatment is mainly based on ideas from the first category.

When the projectile hits the target it collides with, say V nucleons, as it

passes through the nucleus. Since the time for fragmentation is concidered to

be long compared to the internucleon distances, the projectile will not have

time to fragment in between the subcollisions. In each subcollision momentum

is transferred and the mass of the projectile string is gradually increasing.

If, after the k:th subcollision, the mass of the projectile is mk the k+l:th

subcollision is treated as a collision between two hadrons, one with the

nucleon mass and one with the mass mk. After the interaction we are left with

v strings from the target and one string from the projectile. These v+1

strings fragment independently.

It is here assumed that no mass less than the nucleon mass can be given to

an excited nucleon in a subcollision, but nothing prevents the participating

nucleons to be left as protons or neutrons after a collision, i.e. some of the

subcollisions may be of the diffractive kind.

The distribution of participating nucleons, v, is calculated by the same

approach as used by Nilsson and Stenlund [6]. A Wood-Saxon distributed nuclear

density, giving the probability of finding a nucleon at a given distance from

the centre of the nucleus, is used. Each nucleon is given space coordinates

and the number of subcollisions is calculated by letting a projectile hit the

nucleus at a random impact parameter. Here a frozen straight line geometry is

used and all nucleons inside a cylinder surrounding the path of the projectile

are considered to participate.



4. NUCLEUS-NUCLEUS COLLISIONS

The next step leading to nucleus-nucleus collisions is straight forward.

Now both projectile and target constituents are distributed according to Wood-

Saxon density distributions and the two nuclei are made to interact at a

random impact parameter. Using a straight line geometry the number of binary

subcollisions is recorded and the two partners involved in each subcollision

are determined. In each subcollision momentum is exchanged as before; the only

difference is that there is a possibility for two already excited nucleons to

interact. In the programme there is an option to choose between minimum bias

events, events where the user set the impact parameter and events where all

the projectile nucleons have to participate in the interaction. Of course,

events with a lot of participating nucleons need more cpu time.

5. FRAGMENTATION

We are now left with two excited colour singlet states in a hadron-hadron

collision or, in a nuclear collision, a set of wounded or excited target and

projectile nucleons, some which have collided only once and some which have

collided more than once. The next step is the hadronization where we use the

Lund model for jet fragmentation. A summary of this scheme is given in ref [7]

and here we will only briefly explain its features.

In colour SU(3) we have three colour charges, called red, green and blue,

and their anticharges. A baryon is an SU(3) singlet which consists of three

quarks, each a colour triplet, one of each colour. Similarly a meson carries a

quark and an antiquark which also form an SU(3) colour singlet. In an

interaction between two hadrons a triplet (a quark or an antidiquark)

separates from an antitriplet (an antiquark or a diquark) and a force field is

build up between them. The force field, which in the Lund model is treated as

a massless relativistic string, is limited in space-time (confinement) and

will break up as the triplet and antitriplet are separated. At the breakup-

points new triplets and antitriplets are produced with no force field in

between. These new quarks (antiquarks) combine with the antiquark (quark) in

the other end of the string and form new colour singlets i.e. mesons or

baryons.

As the energy of the string increases gluon emission become important a«

seen in e+e"-annihilation .r deep inelastic scattering events (DIS). This is

treated as a bend on the string, a kink on the triplet force field. The gluon

is given a pj_ according to the QCD inspired distribution

f(px
2) - dpj^/fpj^ + a)



where the parameter a is fixed to fit data from e+e interactions, were one

string with a quark in one end and an antiquark in the other end have been

used in the programme. This is due to the belief in jet universality and that

the mechanism responsible for particle production in e+e~ annihilation and DIS

is the same as in hadron-hadron interactions. Strings with more than one

radiated gluon are neglected in this version.

The final step is to fragment the strings which is done according to the

Lund fragmentation scheme using the Lund Monte Carlo programme for jet

fragmentation (JETSET 6.2) [8].

6. PROGRAMME COMPONENTS

FRITIOF '.6 is a Monte Carlo programme for simulations of hadron-hadron,

hadron-nucleus and nucleus-nucleus collisions at high energies. It consists of

a main programme where the variables are set and where the user handles the

information. Information on the generated event and on the produced particles

are stored in common blocks which make the information easy to handle.

Furthermore FRITIOF 1.6 containes a set of subroutines for internal use, which

administrates the event, gives masses to the excited nucleons etc. The

hadronization and the particle decays are taken care of by routines in JETSET

6.2 [8], which perform the hadronization according to the Lund Model for jet

fragmentation.

The programme is written in FORTRAN 77 and the only non-standard function

needed to run the programme is a random number generator, which supplies

uniformly distributed random numbers between 0 and 1. If the user has access

to a running version of JETSET 6.2, this function is already implemented. In

both FRITIOF and JETSET this rutine is named RLU, which is a function in

JETSET. The RLU-function calls a random number generator defined by the user.

An event listing routine is included which writes on a logical file 6. The

logical file number can be changed by setting the JETSET flag MST(20) to the

wanted number. MST flags are stored in the common block LUDAT1.

In FRITIOF version 1.6 the programme is constructed for the following

interactions (A and B stands foi different nuclei):

p* + p TI* + p K* + p A + B

p* + A If* + A K1 + A



FRITIOF (main)

The main programme of Fritiof is easily followed by the user. It containes

three common blocks, INDATA, EVEVEC and LUJETS, which will be described later,

15 variables which need to be given values, a loop over the number of events

and two subroutine calls where one is optional. Other common blocks and calls

to subroutines may be added if the user so wishes.

The variables are: ELAB which is the total relativistic energy/nucleon of

the projectile in the laboratory frame. ROTS which is the total relativistic

energy per nucleon-nucleon collision in the N-N centre of mass system. By

giving one of ELAB and ROTS the value 0., the user selects the other system.

Since the programme is constructed for high energies we recommend the user not

to run the programme at too low energies. NEVE is the number of events in a

run. NAP and NAT are the nucleon numbers for the projectile and the target

nuclei respectively. NZP and NZT are the corresponding charges. ROP and ROT

are variables connected to the parametrization of the nuclear density and

fitted to the inelastic cross-sections for proton-nucleus collisions. The R0

values to be used are found in appendix 1.

IFLSPV is a "spectator veto flag" which can take four values with the

following results:

IFLSPV= 0 generates minimum bias events, i e all interactions are

recorded.

= 1 for events where all the projectile nucleons have

participated in the reaction (the user should take care in

cases where the two nuclei are about equal or where the

projectile is larger than the target). This value has only

meaning when nuclear projectiles are used.

= 2 is used when the user wants to sort out events with

impact parameters between the two values BMIN and BMAX.

= 3 combines the 1 and 2 settings.

IPROTY is a flag which describes the projectile.

IPR0TY= 0 for protons, anti-protons and nuclei.

= 1 for positive pions.

=-1 for negative pions.

= 2 for positive kaons.

=-2 for negative kaons.



IFERMI decides whether Fermi motion should be given to the nucleons inside

the nuclei or not. The setting only affects the outcome when nuclei are

involved.

IFERMI= 0 when no Fermi motion is wanted.

= 1 when Fermi motion is wanted.

IFLOUT is a flag set to sort out specific particles in the event. It can

take the following values:

IFLOUT= 0 all particles produced together with their decay

products are recorded.

= 1 inhibits all particle decays.

= 2 only stable particles are recorded.

= 3 only stable charged particles are recorded.

=-1 if the user wants to use the JETSET options when selecting

the information.

As mentioned earlier it is in the main programme the user is able to handle

the information on the event and the produced particles. The information

stored in the common blocks will be described later.

For the output the user needs to open one or more files and this can also be

done in the main programme.

INGEBORG

INGEBORG is the subroutine that administrates an event. It is from this

routine that all other subroutines are called.

Two almost identical loops are taking care of the excited projectile

nucleons and the excited target nucleons respectively. There are three

different ways to treat an excited nucleon. Either the nucleon is

"diffractive", excited as a twojet (with a quark in one string end, and a

diqark or an anti-quark in the other) or as a threejet (with an gluon-kink on

the string). The three routines used for these different casps are ANGURVADEL,

LU2JET and LU3JET where the latter two are routines in JETSET 6.2 and are

responsible for the fragmentation of the excited strings.

Some proper rotations of the strings are also carried out in INGEBORG and

furthermore a boost to the initial system is performed since the fragmentation

takes place in the rest system of the string. Rotations are made by the

routine LUROBO (JETSET 6.2). To make the boosts more accurate (since in many

cases |0| si) we have instead used the modified routines LUROIN and LUROTA,

which are equivalent to LUROBO with the only difference that 1 - |B| are used

as argument instead of 6.
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Finally the information from each produced particle is filled into the

common block LUJETS.

HILDING

HILDING provides the identity of the projectile and target particles

according to the setting of the flag IPROTY and the information given by NAP,

NZP, NAT and NZT. For nuclei each nucleon is determined to be either a proton

or a neutron. The information is stored in the common block FRSTTY.

ANGANTYR

This routine is giving coordinates to the nucleons in the nuclei according

to a Wood-Saxon density distribution (Gaussian if mass < 8). Having done this

it calculates for each projectile nucleon the set of target nucleons with

which it will collide. This information is then stored in NY, the number of

binary collisions, NWP and NWT, the number of wounded projectile and target

nucleons, and NI and NT, the two nucleons involved in each binary collision.

It also provides the impact parameter, BIMP, of each event.

RING

RING calculates the masses of the excited nucleons and fills the arrays WIN

and WTA. If the mass of a string is too low, i e the exitation is not large

enough for fragmentation, the initial mass will be retained. RING also

performs some kinematical tests.

BELE

BELE is a small routine which distributes the valence quarks in the excited

nucleons, i e in the string ends, and provides the internal spin configuration

of the diquark system.

TORSTEN

This routine determines how the excited nuclecns will fragment. This is

determined by the string mass. If the mass is too low the nucleon will be

"diftractive", otherwise it will fragment either like a twojet event or like a

threejet event with a gluon-kink, i e with an excitation on the string. If a

gluon is present, TORSTEN will also give the gluon a transverse momentum.
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ANGURVADEL

This routine takes care of "diffractive" nucleons. It gives them energy and

momentum from the parameters stored in the common blocks FRSTPM and FRSTPT,

and fills the common block LUJETS.

LU2JET, LU3JET and LUEXEC

LU2JET, LU3JET and LUEXEC fragment the strings according to the Lund

fragmentation scheme. These routines belongs to JETSET 6.2 where they

administrate a string fragmentation. Non-stable particles are permitted to

decay by calls to other routines in JETSET 6.2.

HALVDAN

This routine gives a small p^-component to the string in each binary

collision. This pj_-contribution is updated after each new collision and is

stored in FRSTPT.

HELGE

HELGE is giving Fermi motion to the nucleons in the nuclei.

ELLIDA

This optional routine gives a list of the produced particles (see appendix

2). Each time it is called the contents of EVEVEC and LUJETS are printed. The

first time a call is made it also prints some information on the run stored in

INDATA.

The routine can be used as it stands, or in a modified version to write a

list of events on tape for later use.

The subroutine names in Fritiof version 1.6 are all taken from Fritiofs

saga, a poem written by Esiaa Tegnér (1782-1846). FRITIOF is the main

character in the poem, which take us back to the time of vikings, and INGEBORG

is his fiancé. Fritiof's sword is called ANGURVADEL, and ELLIDA is his boat.

TORSTEN is Fritiof's father and Ingeborg1s father is called BELE. Bele, RING

and ANGANTYR are local kings. HELGE and HALVDAN are the brothers of Ingeborg.

Finally, HILDING is the caretaker of Fritiof and Ingeborg.
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COMMON BLOCKS

COMMON/INDATA/ELAB,ROTS,NAP, NZP,ROP,NAT,NZT,ROT,IFLSPV,BMIN,BMAX,

NEVE,IPROTY,IFERMI,IFLOUT

The variables in this common block are explained in the section FRITIOF.

COMMON/EVEVEC/NEVENR,ISPPP,ISPPN,ISPTP,ISPTN,BIMP,IDI(2000),IPR(2000)

Here the following parameters are stored:

NEVENR - the number of the current event.

ISPPP - the number of projectile protons that have not participated

in the event.

ISPPN - the number of projectile neutrons that have not

participated.

ISPTP - the number of target protons that have not participated.

ISPTN - the number of target neutrons that have not participated.

BIMP - the impact parameter for the event. This parameter is only

relevant when nuclei are involved, altho yn it is given a

value also in the hadron-hadron case.

IDI(J) - 1 or 0 if the j:th particle is "diffractive" or not.

IPR(J) - 1 or 0 if the j:th particle comes from the projectile or

not.

COMMON/LUJETS/N,K(2000,2),P(2000,5)

N - the number of lines (particles) in the current event.

K(J,1) - contains the history of the j:th particle in the event.

K(J,2) - contains the flavour code for the j:th particle in the

event. The codes are summarized in appendix 3.

P(J,I) - where 1=1,2,..,5 containes the momentum (x-, y- and z-

components, where z is along the beam-axis), energy and

mass of the j:th particle in the event.

COMMON/FRSTMA/MIN(40),WTA(200)

Stores the invariant mass of the excited projectile hadrons (WIN) and the

excited target hadrons (WTA).
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COMMON/FRSTTY/IDP(40),IDT(250)

Stores the identity of the excited masses from the projectile and the

target.

COMMON/FRNYNU/BIPA,NWP,NWT,NY,NI(500),NT(500)

Stores the information calculated in the routine ANGANTYR.

COMMON/?RSTPM/PPIK(40),PMIN(40),PPTA(200),PMTA(200)

Stores the variables p and p_ for the projectile and target nucleons,

respectively, calculated in the routine RING.

All arrays are dimensioned to situations where the projectile containes not

more than 40 nucleons and the target 250. The number of binary collisions may

not exceed 500. The total number of recorded particles may not exceed 2000.
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APPENDIX 1

The following parameters should be used for different targets (T) and
projectiles (P):

RO when used as
target together with

NA NZ RO meson projectile

1.0

1.0

.54

.77

.92
1.00

1.07

Neutron
Proton
Deuterum
Helium

Bor
Carbon
Oxygen
Aluminum
Silicon
Argon
Calcium
Copper
Silver
Xenon
Gold
Lead
Uranium

1
1
2
4
11
12
16
27
28
40
40
64
108
131
197
207
238

0
1
1
2
5
6
8
13
14
18
20
29
47
54
79
82
92

1.0
1.0
.69
.81
.62
.64
.72
.86
.87
.94
.94

1.01
1.06
1.08
1.12
1.12
1.13

n
P
d
He
B
C
0
Al
Si
Ar
Ca
Cu
Ag
Xe
Au
Pb
U

The following parameters should be used for projectiles only:

NA NZ RO IPROTY

Antiproton
Pion (positive)
Pion (negative)
Kaon (positive)
Kaon (negative)

1
1
1
1
1

-1
1
-1
1
-1

1.0
1.0
1.0
1.0
1.0

p-bar
1?+

ir
K+

K

0
1
-1
2
-2
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APPENDIX 2

The routine ELLIDA (options: IFLSPV=0, IFERMI=1, IFLOUT=0) will
write out the following table on file number 6.

THE LUND MONTE CARLO - FRITIOF VERSION 1.6
LAST DATE OF CHANGE : 10 JUNE 1986

THE LUND MONTE CARLO - JETSET VERSION 6.2
LAST DATE OF CHANGE : 30 MARCH 1986

ENERGY 200. A GEV
PROJECTILE A=
TARGET
THIS LI

A=
16
197

[ST CONTAINS
MINIMUM
EVENT

BIAS
1

Z= 8
Z= 79

1 EVENTS

PROJECTILE SPECTATORS PROTONS
TARGET
IMPACT

SPECTATORS PROTONS
PARAMETER

THE EVENT CONTAINS
I ORI
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

0
0
0
0
0
0
0
1
1
2
2
3
3
4
4
6
6
7
0
0

CODE
24
64
24
23
17
29
-19
1
1
42
-17
1
1
1
1
18
-17
38
42
17

0 D
0 1

-1 1
0 1
0 1
1 0
0 1
0 1
0 0
0 0
0 0

-1 0
0 0
0 0
0 0
0 0
1 0

-1 0
0 0
0 0
1 0

4.51 FERMI
672 LINES

0 NEUTRONS 1
63 NEUTRONS 104

PARTICLE PX
ETA D
DELT- D
ETA D

PI0 D
PI +
K* 0 D
K B D
GAMM
GAMM
N 0
PI B-
GAMM
GAMM
GAMM
GAMM
K + -1
PI B-
K0L
NO
PI +

.131

.687

.090

.594

.034

.958

.921

.214

.345

.450

.237

.175

.085

.458

.135

.024

.066

.921

.153

.624

PY
-.486
.075
.162
.258

-.433
.247

-.055
-.140
-.346
.269

-.194
-.118
.280
.182

.076

.168

.079
-.055
-.490
-.174

PZ
11.660
28.977
2.385
3.888
.837

1.4tO
3.227
3.865
7.795

21.894
7.083
1.649
.736

2.586
1.302
1.354
.106

3.227
104.465
18.171

ENERGY
11.684
29.012
2.454
3.944
.953

1.979
3.393
3.873
7.811

21.921
7.091
1.663
.792

2.633
1.311
1.776
.203

3.393

104.471
18.133

MASS
.549

1.233
.549
.135
.140
.898
.498
.000
.000
.940
.140
.000
.000
.000
.000
.494

.140

.498

.940

.140

668
669
670
671
672

665
666
666
668
668

23
1
1
1
1

0
0
0
0
0

1
0
0
0
0

PI0
GAMM
GAMM
GAMM
GAMM

D -.231
-.012
.042

-.049
-.183

.014
-.024

.116

.036
-.022

.061

.037
-.005
.068

-.007

.275

.046

.124

.091

.184

.135

.000

.000

.000

.000
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APPENDIX 3

Particle codes

1 Y

2 Z°

3 W*

25 r\'

26 n

27 p+

49

50

51

Z*
c
Z"
c

c! ...

73

74

75

z*°
c

C* +
su

4 Higgs 0 28 K*+

5 Y/Z° 29 K*°

6 30 D "

7 e" 31 D* +

8 v 32 F* +

33 p°

34 u

35 <|i

36 J/T

9 V

10 Vu

11 T~

12 V T

13 x" 37 K

14 V 38 K

15 phasespace 39

16 40

17 lt+ 41 p

18 K* 42 n

19 K"

20 D°

21 D +

22 F*

23 B°

24 T)

43 E+

44 E°

45 E"

46 5°

47 E"

48 E+-

52 C
sdl

57 A

60 C"

76 C*1
ss

53 C° 77 C**1

ss cu
54 C + + 78 C**

cu cd
55 C +, 79 C*+

cd cs
56 C+ 80 C*++

cs cc
81

58 A+ 82

59 Csu0 8 3 \

84 n
'sdO "" "t

61 A*+ 85 T)1

62 A+ 86 T).
n

63 A0 87 T

64 A" 88 <frt

65 E* + 89 $x

66 E*° 90 4>.
n

67 £*" 91-100 free to use

68 H*° 101-144 heavy mesons

69 I*' 145-392 heavy baryons

70 fl~ 500- quarks, diquarks

71 r + + etc.

72 v:a negative entry indicates the corresponding antiparticle.
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