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GRACE

by the Minami-Tateya group

Automatic generation of Feynman diagrams
and FORTRAN codes for calculating the cross sections
based on their amplitudes

including
Cross-section integration and event generation tools
BASES/ SPRI NG

D gener al-pur pose event-generator generation framework

powerful for multi-body production processes
e.g., gr c4f for LEP2
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GRACE for hadron collisions

Multi-particle productionswill become more important
at future (higher energy) hadron colliders;
multiple heavy-particle (W/Z, top, H) production,
cascade decay of SUSY particles

e.g.,pp (or pp) — bbH® + X — bbbb +X
5 (9) processes and 144 (240) diagrams

However, ’
GRACE deals with hard scattering only PYTHI A @

need to add Parton Distribution Function (PDF)
and QCD evolution (parton radiation)
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[ ] connectionto ageneral-purpose event generator

e.g., PYTH A/ | SAJET, HERW G
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How to connect ?

: : : et
Interfacing using datafiles

flexible and portable /

easier to code o
GRACE = o —> PYTHI A
)

umd In ......... L
GRAPE (GRACE+PYTHI Afor ep interactions) Hard-scattering
ConmpHEP+PYTHI A event data
Cpaameters>
Embeddi ng PYTHI A
easy to handle in event generation N
one-step generation har d
| e | D
our choice .
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Kinematics

(X1, %) . . uniform random
and momenta of produced numbers
particles

Choice of variables and mapping to the random numbers
T=XX, YE %In two methods were developed

and singularity-oriented ch0| ce
for produced particles

Functional mapping by users Grid mapping by BASES

may be more efficient, if skillful detailed tuning is not required

final sampling by PYTHI A event generation by SPRI NG
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PYUPEV

Initialization stage to be called by PYUPI N

calculation of “total” cross section for every “process’ using BASES
- S| GVAX

Event generation stage
choose one of the “processes’

v

determine a set of random numbers

convert them to kinematic variables according to read the BASES output
the chosen “kinematics” event generation by SPRI NG
calculate the differential cross section - S_I GV - Sl. GMAX
using the GRACE output code .€., no rejection

- S| GEV = PDF * differential cross section * Jacobian
|

set the color flow (automatic)
L orentz boost

i

(event sampling using SI GEV/ SI GVAXin PYTHI A)
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Processes tested

pp (or pp) - qy + X

2/3-body
> Wg+X - uvg+X
-~ HW+ X - bbuv +X 4-body
- bb@mW+ X - bbuv +X
- H_b6_+ X — bbbb +X 4-body
— bbbbcp) + X (under development)
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Performance (example)

pp - gW* + X at s=14 TeV, p;(g) =5 GeV

User-defined BASES/ PYTHIA
kinematics SPRING | SUB=16

Total cross section

63.36 + 0.20 63.43+0.13 63.17+£0.20

(nb)
Generation
efficiency (%) 19 35 19
CPU time for 125 20.3 46

100 k events (min)

Linux PC (Pentium I1, 300 MHz)
CKM-diagonal diagrams only
Without parton radiation and hadronization/decay (another 45 min. needed for them)
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Possible iImprovements

e Multi-process BASES/SPRI NG
e Automatic generation of hand-written codes

 Variable mass and coupling (reduction of the
“processes’ and built-in implementation of the
CKM matrix)
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Summary

* \We have established a technique for embedding
the GRACE output codes into PYTHI A.

 Thisisapowerful tool for developing event
generators for multi-body production processes
In high-energy hadron collisions.

e Some “Improvements’ are planned to make the
development easier.
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