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Getting Started with the Simple Routines

Normally Pythia is expected to take care of the full event generation process. At times,
however, one may want to access the more simple underlying routines, which allow a
large flexibility to ‘do it yourself’. We therefore start with a few cases of this kind, at the
same time introducing some of the more frequently used utility routines. As a first
example, assume that you want to study the production of uu 2-jet systems at 20 GeV
energy. To do this, write a main program

IMPLICIT DOUBLE PRECISION(A-H, 0-2)
CALL PY2ENT(0,2,-2,20D0)

CALL PYLIST(1)

END
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Event listing (summary)

EF orig

2

-2
92
213
—213
211
3212
323
-2212
=211
211
111
=211
111
3122
22
321
111
22
22
22
22
2212
=211
22
22
0.00
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P_X

000
000
.000
098
227
125
254
124
.395
013
.109
011
089
316
208
046
L08d
.040
059
070
322
006
178
030
006
034
000
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.000
.000
.000
.154
-145
. 266
034
.09
614
-146
456
301
.343
.197
014
.020
.2099
.410
-146
.155
162
.035
.033
.018
384
.026
.000

p_Z

10.000
=10. 000
0. 000
2.710
6.538
0. 097
-1.397
-2.753
=3.806
-1.389
2.164
0.546
2.089
4.449
-1.403
0. 006
-2.139
-0.614
0.224
0.322
4.027
0.422
-1.343
-0.0%9
-0.585
-0.029
0. 000
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.000
.000
.000
8356
.590
339
855
.968
.988
4032
.218
.638
124
A6T7
-804
.050
217
751
274
364
043
423
649
156
.699
.052
.000
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006
006
.000
.885
.72l
.140
193
-0
938
.140
-140
-135
-140
-135
116
.000
494
-135
.000
.000
.000
.000
938
.140
.000
.000
.000



Getting Started with the Event Generation Machinery

A run with the full Pythia event generation machinery has to be more strictly organized
than the simple examples above, in that it is necessary to initialize the generation before
events can be generated, and in that it is not possible to change switches and
parameters freely during the course of the run. A fairly precise recipe for how a run
should be structured can therefore be given.

1. The initialization step. It is here that all the basic characteristics of the coming
generation are specified. The material in this section includes the following.

* Declarations for double precision and integer variables and integer functions:
IMPLICIT DOUBLE PRECISION(A-H, O-2)

IMPLICIT INTEGER(I-N)

INTEGER PYK,PYCHGE,PYCOMP

« Common blocks, at least the following, and maybe some more:
COMMON/PYJETS/N,NPAD,K(4000,5),P(4000,5),V(4000,5)
COMMON/PYDAT1/MSTU(200),PARU(200),MSTJ(200),PARJ(200)
COMMON/PYSUBS/MSEL,MSELPD,MSUB(500),KFIN(2,-40:40),CKIN(200)
COMMON/PYPARS/MSTP(200),PARP(200),MSTI(200),PARI(200)

» Selection of required processes. Some fixed ‘menus’ of subprocesses can be
selected with different MSEL values, but with MSEL=0 it is possible to compose

“a la carte’, using the subprocess numbers. To generate processes 14, 18 and

29, for instance, one needs



MSEL=0

MSUB(14)=1

MSUB(18)=1

MSUB(29)=1

» Selection of kinematics cuts in the CKIN array. To generate hard scatterings
with 50 GeV - p? - 100 GeV, for instance, use

CKIN(3)=50D0

CKIN(4)=100D0

Unfortunately, initial- and final-state radiation will shift around the kinematics

of the hard scattering, making the effects of cuts less predictable. One therefore
always has to be very careful that no desired event configurations are cut out.

* Definition of underlying physics scenario, e.g. Higgs mass.

* Selection of parton-distribution sets, Q2 definitions, showering and multiple
interactions parameters, and all other details of the generation.

» Switching off of generator parts not needed for toy simulations, e.g. fragmentation
for parton level studies.

* Initialization of the event generation procedure. Here kinematics is set up,
maxima of differential cross sections are found for future Monte Carlo generation,
and a number of other preparatory tasks carried out. Initialization

is performed by PYINIT, which should be called only after the switches and
parameters above have been set to their desired values. The frame, the beam
particles and the energy have to be specified, e.g.

CALL PYINITCCMS’,’p’,’pbar’,1800D0)

* Any other initial material required by you, e.g. histogram booking.



2. I'he generation loop. It Is here that events are generated and studied. It includes
the following tasks:

» Generation of the next event, with

CALL PYEVNT

or, for the new multiple interactions and showering model,

CALL PYEVNW

* Printing of a few events, to check that everything is working as planned, with
CALL PYLIST(1)

» An analysis of the event for properties of interest, either directly reading out information
from the PYJETS common block or making use of the utility routines
in Pythia.

» Saving of events on disk or tape, or interfacing to detector simulation.

3. The finishing step. Here the tasks are:

* Printing a table of deduced cross sections, obtained as a by-product of the
Monte Carlo generation activity, with the command

CALL PYSTAT(1)

* Printing histograms and other user output.

To illustrate this structure, imagine a toy example, where one wants to simulate the
production of a 300 GeV Higgs particle. In Pythia, a program for this might look
something like the following.



C...Common blocks.
COMMON/PYJETS/N,NPAD,K(4000,5),P(4000,5),V(4000,5)
COMMON/PYDAT1/MSTU(200),PARU(200),MSTJ(200),PARJ(200)
COMMON/PYDAT2/KCHG(500,4),PMAS(500,4),PARF(2000),VCKM(4,4)
COMMON/PYDAT3/MDCY (500,3),MDME(8000,2),BRAT(8000),KFDP(8000,5)
COMMON/PYSUBS/MSEL,MSELPD,MSUB(500),KFIN(2,-40:40),CKIN(200)
COMMON/PYPARS/MSTP(200),PARP(200),MSTI(200),PARI(200)

C...Number of events to generate. Switch on proper processes.
NEV=1000
MSEL=0

MSUB(102)
MSUB(123)
MSUB(124)

1
1
1

C...Select Higgs mass and kinematics cuts in mass.
PMAS(25,1)=300D0

CKIN(1)=290D0

CKIN(2)=310D0

C...For simulation of hard process only: cut out unnecessary tasks.
MSTP(61)=0

MSTP(71)=0
MSTP(81)=0
MSTP(111)=0



C...Initialize and list partial widths.
CALL PYINITCCMS’,’p’,’p’,14000D0)
CALL PYSTAT(2)

C...Book histogram.
CALL PYBOOK(1,'Higgs mass’,50,275D0,325D0)

C...Generate events. Look at first few.
DO 200 IEV=1,NEV

CALL PYEVNT

IF(IEV.LE.3) CALL PYLIST(1)

C...Loop over particles to find Higgs and histogram its mass.
DO 100 I=1,N

IF(K(I,1).LT.20.AND.K(1,2).EQ.25) HMASS=P(l,5)

100 CONTINUE

CALL PYFILL(1,HMASS,1D0)

200 CONTINUE

C...Print cross sections and histograms.
CALL PYSTAT(1)

CALL PYHIST

=\ID,



After all events have been generated, PYSTAT(1) gives a summary of the number of

events generated in the various allowed channels, and the inferred cross sections.

In the run above, a typical event listing might look like the following.

Event listing (summary)

I particle/jet KF p_x P_¥ P_Z E m
1 tp+! 2212 0 .000 Q.000 2000.000 2000 .000 0.938
2 Ip+! 2212 0 .000 0. 000=-8000.000 8000 .000 0.938
3 gt 21 =0 .505 0. 229 28 .5563 28 .558 0. 000
4 gt 21 0.224 0.041 -788.073 7T88B.073 0. 000
5 Ig! 21 =0.505 =0.229 28.553 28 .558 0. 000
&5 gt 21 0.224 0.041 -788.073 7T88.073 0. 000
T THO! 25 -0.281 =0.188 -7B9.520 B16.631 300.027
2 W+ 24 120 .648 35.239 -397.843 424 .829 20.023
g W= =24 -120.929 35.426 -261.677 3291.201 22670
10 le+! -11 12,922 -4 .760 -160.940 161.528 0.001
11 !'nu_e! 12 107V .7T26 39.999 -236.903 263.302 0. 000
1z Izt 3 -—-62.423 T.195 -265.7T12 264.292 0. 199
12 !'char! =4 -=58.5086 42 621 -104.963 127 509 1.350
14 (HO) 25 -0.281 =0.188 —-759.620 Bl16.6831 300.027
15 (W+) 24 120.648 35.239 -307.843 424 .829 80.023
16 (W-) =24 —-120.929 35.426 -361.677 3291 .801 22.6790
17 e+ =11 12 .922 -4 . 760 -160.940 161 .528 0.001
12 nu_= 12 107V .725 39.999 -236.903 263 .302 0. 000
19 s A 3 -62.423 T.195 -2B6.7T13 264.292 0.199
20 char v -4 -58.5086 42 621 -104.963 127 509 1.380
21 wud_1 A 2103 =0.101 2.176 TO9T71.328 7971 .328 0.771
22 4 v 1 -0.316 0,001 -8T7.390 87 .290 0,010
22 u A 2 0 .606 0,052 =0.751 0 .9E57T 0. 006
24 uun_1 W 2203 0.092 -0.042-T123.668 T123.668 0.771
sum: 2.00 0. 00 OG0 .00 15999 98 15990 98



Table 3: Quark and lepton codes.

KF | Name | Printed || KF | Name | Printed
1 d d 11 e a-

2 1 1 12 Ly nu_e
3 - = 13 | p~ -

1 C C 14 Ly m_m
i b b 15 T~ tau-
i t t 16 V. nu_taun
T b’ b’ 17 T’ tau’

& I t? 15 1 nu’ _tan
0 19

10 20




Table 4: Gange boson and other fundamental hoson codes.

KEF | Name | Printed || KF | Name | Printed
21 o ) 31
22 | gamma | 32| Z" Z'0
23| Z° Z0 33| Z™ Z"0
241 WT W+ 3| W W'+
25 | K9 hO 35| H" HO
26 36| A" AD
27 37 Ht H+
28 35
20 30 iz Graviton
al A1
41| R" RO
2| Lg LQ




Table 5: Various special codes.

KF | Printed Meaning

81 | specflav | Spectator Havour; used in decay-product listings
82 | rndmflav | A random u, d, or s Havour; possible decay produet
83 | phasespa Simple isotropic phase-space decay

84 | c-hadron Information on decay of generic charm hadron
85 | b-hadron Information on decay of generic bottom hadron
il

87

55 | junction A junction of three string pieces

89 (internal use for unspecified resonance data)
90 | system Intermediate psendoparticle in external process
091 | cluster Parton system in cluster fragmentation

02 string Parton system in string fragmentation

03 | indep. Parton svstem in independent fragmentation
04 | CMshower Four-momentum of time-like showering svstem
05 | SPHEaxis Event axis found with PYSPHE

06 | THRUaxis Event axis found with PYTHRU

97 | CLUSjet Jet (cluster) found with PYCLUS

08 | CELLjet Jet (eluster) found with PYCELL

09 table Tabular output from PYTABU

100




Table 6: Digquark codes. For brevity, diquarks containing ¢ or b quarks are not listed, but
are defined analogously.

KF | Name | Printed | KF | Name | Printed
1103 | dd, dd_1
2101 | wudg ud_o 2103 | udy ud_1
2203 | umy uu_1
3101 | =d; sd_0 3103 | =d; sd_1
3201 SN su_0 3203 | sy au_1
a303 551 ss_1

Table 7: Meson codes, part 1.
EF | Name | Printed | KF | Name | Printed
211 | = pi+ 213 | pT rho+

311 | K° KO 313 | K+ K#0
321 | Kt K+ 323 | K+t K+
411 | DT D+ 413 | D+t D+
421 | D@ DO 423 | Ded D#0
431 | Df Ds+ | 433 | Dt D#_s+
511 | B BO 513 | B+ B#0
521 Bt E+ 523 | B*t B+

531 | B! B=0 | 533 | B | B#_s0
541 E'%f B_c+ | 543 B;D+ B#_c+
111 fy pio 113 I rhol

221 n eta 223 w omega
331 7’ eta’ 333 b phi
441 | s etac [ 443 | J/y J/psi
551 | My etab | 553 T |Upsilon

B0 Kp [ K10
310 | KI | Kso




Table 8: Meson codes, part 2. For brevity, states with b quark are omitted from this
listing, but are defined in the program.

EF Name | Printed KF | Name | Printed
10213 b, b_1+ 10211 ag a_ 0+
10313 | KY K_10 10311 | K" | EK+_00
10323 | Kt K_1+ 10321 | K3* | K+0+
10413 | Dy D_1+ 10411 | DMt | Do+
10423 | DY D_10 10421 | Dg" | D*_00
10433 | D D_1s+ || 10431 | D}t | D#_os+
10113 bg b_10 10111 aa? a_00
10223 | b n_10 10221 | f) £_00
10333 héi” h’_10 10331 f%l £ _00
10443 | hj, h_1c0O 10441 | ¥gp. | chi_oc0
20213 | af a_1+ 215 ay a_2+
20313 | Ki° K#_10 315 | Ki" | EK+_20
20323 | Kt K*_1+ 325 | K3t | EKx_2+
20413 | Dyt D#*_1+ 415 | D3t | D*x_2+
20423 | De° D*_10 425 | DY | Dx_20
20433 | Dif | D#_1s+ 435 | Dif | D#_2s+
20113 | af a_10 115 a5 a_20
20223 fy £_10 225 fy £_20
20333 f;; £7_10 335 f;; £ _20
20443 Y1ic chi_1cO 445 Ya. | chi_2c0
100443 Y psi’

100553 | T° | Upsilon’




Table 9 Baryon codes. For brevity, some states with b quarks or multiple ¢ ones are

omitted from this listing, but are defined in the program.

KF | Name Printed KF | Name Printed
1114 A~ Delta-
2112 n no 2114 | AL Deltald
2212 P p+ 2214 | At Delta+
2224 | AT Delta++
3112 | - Sigma- 3114 | X*- Sigma*—
3122 | A° LambdaC
3212 | X° Sigma 3214 | X0 Sigma*0
3222 ( Lt Sipgma+ 3224 | X+t Sigma#*+
3312 | =- Xi- 3314 | =+ i
3322 | E Xio 3324 | =0 Xi*0
3334 | (- Omega-—
4112 | 22 | sigma_co | 4114 | E*" | sigma#*_co
4122 | A} | Lambda_c+
4212 | X Sigma c+ | 4214 [ Xt | Sigma* c+
4222 | B | sigma_c++ || 4224 [ BT | Sigma*_c++
4132 [ =° Xi_cO
4312 | =0 | xi'co [4314| = | Xix_co
4232 | EF Xi_c+
4322 | EF i’ _c+ 4324 | Et Xi*_c+
4332 | 09 Omega_c0 | 4334 | (*" | Omega#*_cO
5112 | ¥ | sigmab- | 5114 | E!~ | Sigma* b-
5122 | A | Lambda_bo
5212 | Ep | Sigmabo | 5214 | X" | sigma*_bo
5222 | B | Sigma b+ | 5224 | I}t | Sigma* b+




Table 10: QCD effective states.

KF Printed Meaning
110 reggeon reggeon IH
OG0 pomeron pomeron P

0000110 | rho_diff0 | Diffractive 7% /p”/~ state
0000210 | pi_diffr+ Diffractive w+ state

0000220 | cmega_di0 Diffractive w state
0000330 | phi_diffo Diffractive ¢ state
0000440 | J/psidio | Diffractive J /i state
0002110 | ndiffr Diffractive n state

0002210 | pdiffr+ Diffractive p state




Table 11: Supersvmmetric codes.

KF MName [ Printed KF Mame Printed
1000001 | dg ~d_L 2000001 | dg ~d_R
100002 1y, ~1_L 2000002 g ~1_R
1000003 sp, ~8_L 2000003 S ~8_R
1000004 Cr, ~C_L 2000004 Cp ~C_R
1000005 | by ~b_1 2000005 | b ~b_2
1000006 i, ~t_1 2000006 f, ~t_2
1000011 ey, ~ea_L- 2000011 ER ~a_R-
10000712 Dag. ~nu_eaL 2000012 Laf ~nu_aR
1000013 fr ~mu_L- 2000013 g ~m_R-
1000014 | g ~numul (| 2000014 | g ~mnu_muk
1000015 T1 ~tau_L- || 2000015 Ta ~taun_R-
1000016 L. ~nu_taul [| 2000016 | irg ~mn1_tauk
1000021 & g 1000025 Y= ~chi_30
1000022 ;EE ~chi_10 || 1000035 fé ~chi_40
1000023 X2 ~chi 20 || 1000037 ¥ ~chi_ 2+
1000024 i ~chi_1+ || 1000035 G ~Gravitino

45 Hy H_30 1000045 X5 ~chi_B0

46 Al A_20




Table 12: Technicolor codes.

KF Name | Printed KF Name Printed
S000111 Tt":: pi_tcO 3100021 | Vagie V8_tc
3000211 | =t pi_te+ | 3100111 | w5, ,. | p122.1 tc
3000221 TE_, pi’_tcO | 3200111 | w5y 4,. | P122.8_tc
3000113 | o0 | rho_tco | 3100113 | g .. | rho_11_tc
3000213 | g | rho_te+ | 3200113 | gP, . | rho_12_tc
3000223 | wy, | omega_tcO | 3300113 | @B, .. | rho 21 tc
3000331 | e eta_tcO | 3400113 ,ﬂEEH rho_22_tc

Table 13: Excited fermion codes.
KF Name | Printed KF Name [ Printed |
4000001 u* d# 4000011 o ™
4000002 d* n#* 4000012 L nu*_ai




Table 14: Exotic particle codes.

KF Name Printed EF Name | Printed
000030 [ G* Graviton*
QO00012 | vre nu_HRe Q900023 A Z RO
9900014 | vgy nu_Rmu Qa00024 WE W_ER+
9O00016 | v, nu_Rtau Q000041 H'L'TJ’ H_L++
Qa00042 HE"‘ H_R++
Table 15: Colour octet state codes.

KF Name Printed KF MName Printed
9900443 | &S] | ce~[3818] || 9900553 | bB[*S;"] | bb~[3518]
0000441 | e[t 5™ | ce~[1508] || 9000551 | BB[LSLY] | bb~[1508]
0010443 | ee*PLY] | ce~[2Pog] || 9010553 | BEEF™] | bb~[2P08]
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