Les Houches and Monte Carlos

® Much of the time during
meeting was spent
developing a generic
process interface from
matrix element to Monte
Carlo programs

® This interface allows:

o arbitrary hard subprocesses
to be plugged into
shower/hadronization

generators.

CompHEP

Grace Herwig
MadGraph --> Isajet
VecBos Pythia
Whbbgen

o ->Les Houches accord (#1)
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for Event Generators
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®Possible because one or more authors from

each of these programs was present

at Les Houches
oMatt Dobbs has been the front man for
coordinating the disputes/discussions
oliterally hundreds of email exchanges
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Universal Interface

® This interface will allow for
a more complete
predictability for ME
programs {
o parton showering (additional

jets)

o hadronization
o detector simulation B

® Some specialized {

Specialize in the ‘generic’ parts of the event.

Hadronization

N Minimum Bias
Collisions

Hard

Interfaces already exist
o VECBOS->Herwig (HERPRT)
o Whbbgen->Herwig Btibuons |
o CompHep->Pythia
® This interface should
Supercede them Les Houches accords
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Interface

® Provides information on parton 4- _Interface Structure
vectors,mother-daughter e ot
relationships, spins/helicities and g e G s 1w, s L
color flow T
o also points to intermediate
partICIeS Whose maSS ShOUId be <<Container for RUN related informtion>> <<Container for EVENT related infornation>>
preserved In the parton +parant er NAXCP?JET(;?egI:?{R?OZ/ +par ameter MAXNUP: intZZcraTr]m:OQO{)HerFr)aEUrillm particle entries
showering e g 2 e, 1 o
- Al e G e ()
. Not Intended aS a replacement + [WUP:.i'nteger +A@DUPE doubl e = QED coupling for this event
+NPRUP; i nt eger +AQCDUP: doubl e = QCD coupling for this event
for HEPEVT SEERE OUE . doit ¢ | STPLROUS i oger = part o status
. . +XNAXUP(NAXPUP)E.d0ubIe +MOTHUP( 2, NAXNUP)E i nt eger fpoi nter to parents
o addresses communication APRPURPR). | iede UR(5 IROLP) fouble 2 part o e morevtun energy s
+VTI MUP(MAXNUP) : doubl e = particle invariant Iifetime
between eve nt generators Only’ +SPI NUP( MAXNUP) : doubl e = spin vector angle (usually +1,-1)
not between event generators
and the outside world
° FF’artonIC informati t?l n ISk in 2 e T et
ortran common DIOCKS
0 run |nf0 (Specialized for each matrix el ement)
O SpeCiﬁC event info Les Houches accords
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Subroutines

® Each stage (run and event)
associated with own
subroutine, called from the
shower generator, where :

| Interface Structure |

integer MAXPUP

paraneter ( MAXPUP=100 )

i nteger |DBMUP, PDFGUP, PDFSUP, |DWP, NPRUP, LPRUP

doubl e precision EBVUP, XSECUP, XERRUP, XNAXUP

comon / HEPRUP/ | DBMUP(2), EBMUP(2), PDFGUP(2), PDFSUP(2),
| DWTUP, NPRUP, XSECUP( MAXPUP), XERRUP( MAXNUP) ,
XNAXUP( NAXNUP) , - LPRUP( MAXPUP)

iInformation is placed in the
respective common block,
based on output from the
matrix element generator

® Subroutine names (in
Pythia 6.2) are:
o UPINIT
1 UPEVNT
o note no PY prefixes

® Other authors should use
the same convention

<<Container for RIN related informtion>>

common /HepRUP/

<<Container for EVENT related information>>
common /HepEUP/

+paranter MAXPUP: integer = 100
+ DBMUP(2): i nteger
+EBMUP(2): doubl e
+PDFGUP(2) : i nteger
+PDFSUP(2) : i nteger

+ DWTUP; | nt eger
+NPRUP: i nt eger
+XSECUP( MAXPUP) . doubl e
+XERRUP( MAXPUP) :  doubl e
+XVAXUP( MAXPUP) . doubl e
+LPRUP( MAXPUP) : i nt eger

<<called by SHGto for HepRWP info>>
subroutine UPINIT()

+paraneter MAXNUP: integer = 500, mex numparticle entries
+NUP: integer = nunber entries this event

+| DPRUP: integer = process id

+XWGTUP: doubl e = event wei ght

+SCALUP: doubl e = scal e [GeV]

+AQEDUP: doubl e = QED coupling for this event

+AQCDUP:  doubl e = QCD coupling for this event

+ DUP(MAXNUP) . integer = particle id

+| STUP(MAXNUP) : integer = particle status

+MOTHUP( 2, MXNUP) . integer = pointer to parents

+ COLUP( 2, MAXNUP) . i nteger = particle (anit)color indices
+PUP( 5, MAXNUP) . double = particle nomentum energy, mass
+VTI MJP( MAXNUP) : doubl e = particle invariant lifetime

+SPI NUP(MAXNUP) . doubl e = spin vector angle (usually +1,-1)

<<called by SHG for HepEW info>>
subroutine UPEVNT()

(Specialized for each matrix el enent)
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® Shower generator can unweight

events from matrix element

generator, mix different

subprocesses from matrix element

generator, or just read events

straight from a file

o If unweighting/mixing is needed then

shower generator needs info about
subprocess cross sections and/or
maximum weights

If extra information is needed for

specific user implementation, then

iImplementation-specific common

block has to be created

Note that a lot of the technicalities
are intended for ME/MC authors, not
for users; in most cases, these
details will be invisible to the casual
user

Interface Structure

integer MAXPUP

parameter ( MAXPUP=100 )

integer |DBMUP, PDFGUP, PDFSUP, |DWUP, NPRUP, LPRUP

doubl e precision EBVMUP, XSECUP, XERRUP, XMAXUP

comon /HEPRUP/ 1 DBMUP(2), EBMUP(2), PDFGUP(2), PDFSUP(2),
| DWTUP, NPRUP,  XSECUP( MAXPUP) ,  XERRUP( MAXNUP)
XMAXUP( MAXNUP) , - LPRUP( MAXPUP)

MAXUP: maximum number of different
processes to be interfaced at one time
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Run related information

® Each stage (run and event
associated with own subroutine)

® Run subroutine

O

IDWTUP: master switch indicating
how the event weights (XWGTUP)
are interpreted (some examples
below)

‘ y

<<Container for RUN related information>>

common /HepRUP/

+paranmter MAXPUP. integer = 100
+ DBMUP(2): integer
+EBMUP(2): doubl e
+PDFGUP(2): integer
+PDFSUP(2) : i nteger

+ DWIUP: i nteger
+NPRUP: i nt eger
+XSECUP( MAXPUP) : doubl e
+XERRUP( MAXPUP) :  doubl e
+XMAXUP( MAXPUP) : doubl e
+LPRUP( MAXPUP) : i nt eger

A

<<called by SHGto for HepRUP info>>
subroutine UPINIT()

(Specialized for
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Event related information

NUP: number of particle entries for this
event

IDPRUP: ID of the process for this event
XWGTUP: event weight

IDUP: particle ID (non-physical particles
assigned IDUP=0)

ISTUP: status code

O

O

O

-1: incoming particle
+1: outgoing particle

-2: intermediate space-like propagator
defining an x and Q2 which should be
preserved (DIS-specific)

+2: intermediate resonance, mass should
be preserved

+3: intermediate resonance, for
documentation only

-9: incoming beam particles

<<Container for EVENT related information>>

common /HepEUP/

+paramet er MAXNUP: integer = 500, max numparticle entries
+NUP: integer = number entries this event

+| DPRUP. integer = process id

+HXWGTUP: doubl e = event wei ght

+SCALUP: double = scale [GeV]

+AQEDUP:  doubl e = QED coupling for this event

+AQCDUP: double = QCD coupling for this event

+ DUP(MAXNUP) : i nteger = particle id

+| STUP(MAXNUP) : integer = particle status

+MOTHUP( 2, MAXNUP) : i nteger = pointer to parents

+ COLUP(2, MAXNUP) : i nteger = particle (anit)color indices
+PUP(5, MAXNUP) : doubl e = particle monentum energy, mass
+VTI MUP( MAXNUP) : doubl e = particle invariant lifetime

+SPI NUP( MAXNUP) : doubl e = spin vector angle (usually +1,-1)

A

<<called by SHG for HepEUP info>>
subroutine UPEVNT/()

gach matrix el ement)
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Event Iinfo

® MOTHUP(2,): index of first and last
mother

O

For decays, daughter particles will
only have 1 mother

For 2->n, daughter particles will have
2 mothers

® Color flow: specific choice of color
flow for a particular event is often
unphysical, due to interference
effects, but SHGs require specific
color state from which to begin
shower

O

O

ICOLUP(1,1): integer tag for color
flow line passing through color of the
particle

Integer tag fro color flow line passing
through anti-color of tag

<<Container for EVENT related informtion>>
common /HepEUP/

+paraneter MAXNUP: integer = 500, max numparticle entries
+NUP: integer = nunber entries this event

+ DPRUP: integer = process id

+XWGTUP: doubl e = event wei ght

+SCALUP: doubl e = scale [GeV]

+AQEDUP:  doubl e = QED coupling for this event

+AQCDUP:  doubl e = QCD coupling for this event

+| DUP(MAXNUP) : i nteger = particle id

+| STUP(MAXNUP) : integer = particle status

+MOTHUP( 2, MAXNUP) : i nteger = pointer to parents

+ COLUP(2, MAXNUP) : integer = particle (anit)color indices
+PUP(5, MAXNUP) :  doubl e = particle nomentum energy, mass
+VTI MJP( MAXNUP) : doubl e = particle invariant lifetine

+SPI NUP( MAXNUP) : doubl e = spin vector angle (usually +1,-1)

<<called by SHG for HepEUP info>>
subroutine UPEVNT()

each matrix el ement)
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Example (gg->gg)

I ISTUP(I) IDUP(I) MOTHUP(1]) MOTHUP(2,I) ICOLUP(1,]) ICOLUP(2,)
T 1 21 (g) 501 502
2 1 21 (g) 502 503
3 41 21 (g) 1 2 501 504
4+ 21 (g) 1 2 504 503
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Consider ttbar production

® tand tbar given ISTUP=+2, which Example: hadronic # production
informs SHG to preserve their
iInvariant masses when showering
and hadronizing the event

® Intermediate s-channel gluon has
been drawn, but no entry because
cannot be distinguished from t-

I ISTUP(I) IDUP(I) MOTHUP(1I) MOTHUP(2,]) ICOLUP(LI) ICOLUP(2,1I)
1 -1 21 (g) 0 0 501 502
channel 2 a1 A 0 0 503 01
L . ] 3 +2 6 (%) 1 2 0 502
® Definition of color or anti-color line son LA ! ; s o
. . 6 +1 24 (W™) 3 3 0 0
depends on orientation of graph T 50 1 1 303 0
8 +1 24 (W) 4 4 0 0

O defl ne CO | Or and antI'COIOr accord | ng The t and  are given ISTUP=+2, which informs the SHG to preserve their invariant masses

when showering and hadronizing the event. An intermediate s-channel gluon has been drawn

to phyS|Ca| tl me Order in the diagram, but since this graph cannot be usefully distinguished from the one with a

t-channel top exchange, an entry has not been included for it in the event record.

H The definition of a line as ‘color’ or ‘anti-color’ depends on the orientation of the graph.

O quark Wi ” always have COlor tag This ambiguity is resolved by defining color and anti-color according to the physical time

- . . order. A quark will always have its color tag ICOLUP(1,I) filled, but never its anti-color tag

I CO L U P (1 y I) fl I Ied y b Ut n ever ItS antl - ICOLUP(2,I). The reverse is true for an anti-quark, and a gluon will always have information

. in both ICOLUP(1,I) and ICOLUP(2,I) tags.
COIOr tag ICO LU P (2, I) y reverse for Note the difference in the treatment by the parton shower of the above example, and an
. . . identical final state, where the intermediate particles are not specified:

anti-quark; gluon has info in both

tags
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Another example: little pink elephant exchange

-

I ISTUP(I) IDUP(I) MOTHUP(1,]) MOTHUP(2,]) ICOLUP(LI) ICOLU

= : 1 -1 -2 (a) 0 0 0 5(
- 2 -1 2 (u) 0 0 501 (
?‘ 3 3 +2 0 (pink elephant) 1 2 0 (
- 4 +1 11 (e7) 3 3 0 (

5 +1 11 (e?) 3 3 0 (

S
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