
K
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P
S

anta
B

arbara
C

ollider
P

hysics
W

orkshop
12

F
ebruary

2004

W
h

ith
er

P
Y

T
H

IA
?

Torbjörn
S

jöstrand
D
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entofT

heoreticalP
hysics

Lund
U

niversity

H
istory

S
tatus

F
uture



O
rigin

Q
:W

hy
rew

rite?
A

:N
eed

to
clean

up!

Q
:W

hy
C

+
+

?
A

:O
nly

gam
e

in
tow

n!

M
y

originalidea:

�

sim
ple

and
robuststructure

�

throw
out-of-date

alternatives

�

keep
currentphysics �

unchanged

�

m
any

m
inor

im
provem

ents



Lifestyle

H
E

R
W

IG
cam

p
m

onolithic
(?)

Lund
cam

p
pluralistic

M
any

program
s:

�

JE
T

S
E

T,P
Y

T
H

IA

�

A
riadne,LD

C
M

C

�

Fritiof,Luciae

�

Lepto
(A

rom
a,

Lucifer,P
om

P
yt,...)

�

(R
apgap,C

ascade)

�

((H
IJIN

G
,...))

M
any

physics
m

odels:
aspect

num
ber

�

final-state
show

ers

��
�

�

initial-state
show

ers

��
�

�
string

fragm
entation

3

�
baryon

production
3

�
B

ose-E
instein

2
�

colour
reconnection

3
+

not

�

m
ultiple

interactions

��
�



E
volution

Leif’s
idea:

before
you

w
orry

aboutphysics,
create

a
generic

platform
for

eventgeneration
=

“a
language

w
ithin

the
language”

H
E

R
W

IG
+

+
accepted

and
joined

�

basic
structure

m
ustbe

physics-neutral

P
Y

T
H

IA
7

T
heP

E
G

:adm
inistration

T
heR

est:
physics



W
hatis

T
heP

E
G

?

Toolkitfor
H

igh
E

nergy
P

hysics
E

ventG
eneration

C
LH

E
P

utilities

T
heP

E
G

basic
structure

H
E

R
W

IG
+

+
physics

m
odules

P
Y

T
H

IA
7

physics
m

odules

A
riadne/LD

C
physics

m
odules

���

���

C
++



W
hatis

in
T

heR
est?

�
P

rocesses:
Q

C
D

��
�,	�

	
�
�
��

(LL)
�

P
D

F
:G

R
V

94
series(LL)

�

S
how

ers:
initial-

and
final-state

(old
P

Y
T

H
IA

)
(T

S
)

�

M
ultiple

interactions:
none

�

B
eam

rem
nants:

A
riadne

(LL)

�

Fragm
entation:

sim
ple

string
(M

arc
B

ertini)

�

+
sim

ple
low

-m
ass

corrections
(LL)

�

D
ecays:

m
ostim

plem
ented

(LL)

N
O

T
usefulfor

physics
studies

M
ainly

sim
ple

pieces
done�

alm
ostallthe

hard
w

ork
rem

ains

�

C
onversion

effort:
everything

takes
longer

and
costs

m
ore

�

T
he

physics
hurdle

is
as

steep
as

the
C

+
+

learning
curve

�

notconvenientto
use

postdocs

�

N
eed

continuity�

as
above

�

N
o

w
ork

for
graduate

students



A
fresh

start
�

Low
er

priority
than

teaching,adm
inistration,m

aster’s
and

graduate
students,answ

ering
P

Y
T

H
IA

questions,
m

aintaining
F

ortran
code,...

�

Leif’s
interests

are
T

heP
E

G
,A

riadne,LD
C

,...

�

bad
finances

in
Lund

S
olution?:

take
a

sabbaticaland
w

ork
“full-tim

e”!
S

ept.
2004

–
2007?:

S
F

T
/E

P
group

(S
oF

Tw
are

developm
entfor

experim
ents)

O
bjectives:

�

concentrate
on

physics,notadm
inistration

�

pure
standard

C
+

+
,no

fancy
program

m
ing

tricks

�

independentofT
heP

E
G

(or
anything

else),but

�

w
ritten

to
be

m
odular,i.e.

easy
to

interface

�

interface
to

T
heP

E
G

later
w

ritten
by

Leif(?)



N
ew

structure

internal
T

heP
E

G
user

P
arton-level

generators

Les
H

ouches
A

ccord
(style)

Interface

(R
em

aining
resonance

decays)
borderline

Initial-
and

final-state
show

ers

M
ultiple

interactions
and

beam
rem

nants

S
tring

fragm
entation

P
article

decays

E
ventrecord,param

eters,data,P
D

F
’s,utilities

H
adron-level
generator



TechnicalN
otes

(1)

R
em

aining
resonance

decays
(Z

,W
,H

,S
U

S
Y,...):

�
internalor

S
U

S
Y

Les
H

ouches
A

ccord
decay

tables

�

prim
itive

angular
correlations

Initial-
and

final-state
show

ers:

�

im
plem

entthe��
-ordered

algorithm
s

�

can
use

existing
m

atrix-elem
entm

atching
code

�

(introduce
L-C

K
K

W
-style

m
ixing,��

-ordered)

M
ultiple

interactions
and

beam
rem

nants:

�

based
on

new
schem

e
under

developm
ent

S
tring

fragm
entation:

�

reim
plem

entbaseline
m

odel,m
inor

physics
im

provem
ents

�

low
-m

ass
strings

�

junction
topologies



TechnicalN
otes

(2)

P
article

decays:
�

update
decay

tables

�

(B
ose-E

instein;overlaps
w

ith
fragm

entation)

E
ventrecord,param

eters,data,P
D

F
’s,utilities:

�

P
Y

T
H

IA
-style

eventrecord
w

ith
LH

A
colour

tags

�

integrated
m

anual/param
eters/data

in
X

M
L?

�

LH
A

P
D

F
parton

densities?

�

sim
ple

eventanalysis
(for

debug)

O
utside

scope:

��

p/���

p/��

/���
�

/���
���

physics

�

colour
reconnection

(W
W

/Z
Z

)

�

S
U

S
Y

evolution
(use

S
LH

A
!)

�

old
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e �

annihilation
m

achinery
(������

� �
M

E
’s)

�

independentfragm
entation

�

m
any

out-of-use
options



S
um

m
ary

�

C
om

plexity
ofproblem

underestim
ated

(C
+

+
&

physics)

�

“S
lave

labour”
notsuccessfulstrategy

(for
m

e)

��

P
Y

T
H

IA
7

(T
heR

est)
now

here
near

useful

Tentative
schedule:

year
tim

e
hadron-level

parton-level
0

=
fall2004

begin
new

assault
1

=
fall2005

incom
plete

draft
LH

A
-style

input
2

=
fall2006

com
plete,buggy(?)

a
few

processes
3

=
fall2007

stable,debugged
m

ore
processes

...butdon’tforgetM
urphy’s

law



H
andlers

T
heP

E
G

defines
a

setofabstract�� �
 !
" #

classes
for

hard
partonic

sub-processes,parton
densities,Q

C
D

cascades,
hadronization,...

T
hese

handlerclasses
interacts

w
ith

the
underlying

structure
using

a
spe-

cial $%" �
&
' "()
#
 

and
a

pre-defined
setof% *#

&+
� !

function
definitions.

T
he

procedure
to

im
plem

ent
e.g.

a
new

hadronization
m

odel,
is

to
w

rite
a

new
(C

+
+

)
class

inheriting
from

the
abstract �� #)

�*,
�& *)
�
�� �
 !
" #

base
class,im

plem
enting

the
relevantvirtualfunctions.

T
he

structure
ofthe

generation
process

is
extrem

ely
dynam

ic:

B
esides

the
standard

H
andlerclasses,there

is
also

a
general- &". �� �

 !
" #

class
w

hich
can

do
anything

and
can

be
inserted

anyw
here

in
the

gener-
ation

chain.

In
addition,

each
handler

can
add

steps
in

the
generation

chain
or

redo
previous

steps
depending

on
the

history
ofeach

event.



C
lass

S
tructure

ofH
andlers

A

A

E
v
e
n
t
H
a
n
d
l
e
r

S
t
e
p
H
a
n
d
l
e
r

L
u
m
i
n
o
s
i
t
y
F
u
n
c
t
i
o
n

l
i
s
t

S
t
e
p
H
a
n
d
l
e
r
*

C
a
s
c
a
d
e
H
a
n
d
l
e
r

A

A

H
a
d
r
o
n
i
z
a
t
i
o
n
H
a
n
d
l
e
r

A

D
e
c
a
y
H
a
n
d
l
e
r

A

M
I
H
a
n
d
l
e
r

A

A

C
o
l
l
i
s
i
o
n
H
a
n
d
l
e
r

P
a
r
t
i
a
l
C
o
l
l
i
s
i
o
n
H
a
n
d
l
e
r

l
i
s
t

P
a
r
t
o
n
E
x
t
r
a
c
t
o
r A

S
u
b
P
r
o
c
e
s
s
H
a
n
d
l
e
r

S
u
b
P
r
o
c
e
s
s
H
a
n
d
l
e
r
*

l
i
s
t

M
E
B
a
s
e
*

M
E
B
a
s
e

P
h
a
s
e
S
p
a
c
e
B
a
s
e



C
lass

S
tructure

ofan
E

vent

C
o
l
l
i
s
i
o
n
*

P
a
r
t
i
c
l
e

l
i
s
t

C
o
l
l
i
s
i
o
n

E
v
e
n
t

P
a
r
t
i
c
l
e
D
a
t
a

S
t
e
p

S
u
b
P
r
o
c
e
s
s
*

S
t
e
p
*

l
i
s
t

l
i
s
t

S
u
b
P
r
o
c
e
s
s
*

P
a
r
t
i
c
l
e
*

l
i
s
t

P
a
r
t
i
c
l
e
*

l
i
s
t

T
he /� #

& *( !
"

class
provides

access
to

a
lot

of
inform

ation.
B

ut
it

only
has

a
pointer

to
a/� #

& *( !
" 0
�&� ,

a1) #
" �
& ,
2 3)
4" �
&+
4

and
a

pointer
to

another
object

carrying
the

rest
of

the
inform

ation
(colour,

spin
etc.)

if
needed.

S
om

e
ofthis

inform
ation

can
be

user-defined
by

creating
classes

inheriting
from

e.g.the-. *�5
�6
"

or
the

com
pletely

general

$%" �
& 7�8) 5
�6
"

classes.
T

his
inform

ation
can

then
be

accessed
through 9 �

� 4*((
�6
& ing.



R
unning

T
heP

E
G

T
he

end-user
w

ill
use

a
setup

program
to

be
able

to
pick

objects
cor-

responding
to

different
physics

m
odels

to
build

up
an $%" �

&: " �
" #
�&) #

w
hich

then
can

be
run

interactively
or

off-line,
or

as
a

specialslave
pro-

gram
e.g.for

G
eant4.

T
he

setup
program

is
used

to
choose

betw
een

a
m

ultitude
ofpre-defined

generators,to
m

odify
param

eters
and

options
ofthe

selected
m

odels
and,

optionally,to
specify

the
analysis

to
be

done
on

the
generated

events.

T
he' ". )6 *

&) #
9

is
the

centralpartofthe
setup

phase.
Ithandles

a
struc-

tured
listofallavailable

objects
and

allow
s

the
user

to
m

anipulate
them

.

A
flashy

G
raphicalU

serInterface
should

be
builton

top
ofthis' ". )6 *

&) #
9 .

C
urrently

there
is

only
a

rudim
entary

com
m

and-line
interpreter.

In
the

end
of

the
run

you
w

ill
get

a
num

ber
of

files
w

ith
statistics

and
m

essages.
A

nd
a

L ATE X
-file

w
ith

references
suitable

for
inclusion

in
an

appendix
ofa

paper.


