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Introduction

o Systems for Automatic Computation of
Cross sections — essential tools in HEP

 Complicated calculation
EW, susy : many particles and vertices

SM: particles=24, vertices=139
MSSM: particles=55, vertices=3553

final states: multi-body
high statistics: higher-order(loops)

-~ Beyond man-power




Sugawara, ICHEP2000

Automatic Computation

= Automatic calculation of cross sections in HEP.
= Large scale computation bevond man-power.
== [ssential tools for eurrent and future HEP.

1. Automatic computation systems working in the world
ALFHA(Italy |, CompHEP{ Russia), FDC(China), FeynArts/FeynCale series|Germany],
GEFICOM| Germany/Hussia), GRACE( Japan |, MadGraph{U'SA ). NIKHEF setup{Holland] ...

2. Examples of Achievements

& J-fermion generators( 76 processes) for LEP-2 experiments( ALPHA,CompHEP, GRACE).

o ¢ ¢" — G-fermion{ALPHA.GRACE), ¢ et — ¥V faigaqy (GRACE), vy — 4-fermion(CompHEF).
ep —+ ed T X (GRACE).

i —+ Whih) | CompHEP), pp — WHTW by (MadGraph), gg.qq —+ Sg{ALPHA).

l-loop caleulation for e”e® — WW™*, vy = WHW -, WY~ — WHW
(FeynArts/FeynCalc,GRACE), ¢ ¢* — W' u w, (GRACE).

Hadronic Higgs decay in U[n;‘:}. (M eprn, ) corrections to & — bb, ete. (GEFICOM).

L-loop d-function] 50,000 diagrams) (NIKHEF setup).




system components

Diagram generation for the input
process

Amplitude/Matrix element generation
Kinematics and Integration (efficiency)
Event generation (efficiency & weight)

Peripheral tools: rule generator,

diagram selection, QED radiation, PDF,
loop integral library, multi-process, color
flow and interface for hadronization, etc.
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GRACE

GRACE: the Generator of Generators

‘ for the analysis of HEP experiments

more than
100
citations

Children of GRACE
« grcaf :ete S 4fermionsO(LE%II)
e sSusy23: e*e — 23 susy processes (LEPII)
e grape:.ep - e//N (HERA)
 gr@ppa: pp - bbbb X (CDF/LHC)

etc.




GRACE 1-loop

Many 2 to 2 processes have been
checked.

Recent Progress

L —_
ee —vvH
tree:2(12) 1-loop:249(1350)

... Includes pentagon diagrams



e'e” > vvH

tree diagrams
and

first 8 one-loop
diagrams

produced by GRACEFIG



e'e” S>yv

... and

some one-loop
diagrams

(pentagons)

Graph 809

Graph 817
Ve

et 7

Graph 821

produced by GRACEFIG

Graph 812

Graph 816




e'e” > vvH

angular
distribution of
Higgs boson

dash=tree

solid=tree+loop
+radiation

o (pb)

0.006

0.005

0.004

0.003

0.002

0.001

Oi\\\

=1

L1 - —
0.8 1
cos® of Higgs boson

1 1
-08 -06 -04 -0.2 0 0.2 0.4 0.6




e'e” > vvH

energy
distribution of
Higgs boson

dash=tree

solid=tree+loop
+radiation
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(tree/lloop)

e many particles and vertices

» system check: ALL 6-external-particle
582,102 processes are examined by
gauge invariance.

e 1-Loop
eett: MSSM 540x 2,SQCD 20x 2
ee - WW : MSSM 936x 3
ee - h%Z : MSSM 1265x 1
ee - H*H : MSSM 732x 3



Higher Loops

e 1-Loop, 2-Loop,...

Huge number of diagrams
CPU power, memory size, disk size, ...

* For the check of system, quadruple
precision Is very important.
(Indispensable feature of super computer)



* Cross sections ... phase space integral

e event generation ... weight=1 generators
are favored

 singularities
resonance pole, t-channel
soft singularity, collinear singularity

loop Integrals



MC integral :
VEGAS, BASES
Importance and
stratified sampling

only effective if
each singularity Is
factorizable

A >




singular numerical integral

« VEGAS, BASES ... requires expert

technique to choose integral variables
o EXxistence of “good” variable set is unknown.

Kinematics database, division of phase
space ,... etc.

Numerical integral package for a general
singular integrand is WANTED.

DICE, MILX, FOAM, Parlnt,...



» Basic idea - ||I||l||l|||l|||||||

iteratively ol B
divide the hyper- Ill"'in-r%'
cubes only those .;.E

give dominant
contribution to the
Integral







&y “0(1-x"-y?)

|, = j j dxdy _
-1<x,y<1 (X2+y2_a2)2+82 a 08
€ Parint 1.1 DICE v1.3 Exact
101 2.6436+ 0.0018 0.66s 4ES5 2.6440%+ 0.0002 2.36s 6E6 2.6436
102 3.1056+ 0.0006 3.1058+ 0.0003 3.1056
103 3.1530+ 0.0001 3.1532+ 0.0003 3.1530
10+ 3.1577+ 0.0003 3.1578+ 0.0003 3.1577
10° 3.1582+ 0.0002 3.1583+ 0.0003 3.1582
106 3.1583+ 0.0001 243s 2E9 3.1578+ 0.0003 2058s 6E9 3.1583

CPU Time, Sampling points




e'e — ,u+,u_7/ Js =70GeV  k_, =0.1GeV

KECSC

. Naive Kinematics, 4-dim integral
for DICE 0.1% Acc. required

vu-user/user =98.22 %

DICE 0.1% naive Kin.

2.9106% 0.0029 E-2 nb | 171d 2h

DICE 1% naive Kin.

2.8517+ 0.0256 E-2 nb | 1d 20h

BASES 1% good Kin.

2.9203+ 0.0016 E-2 nb | 5m47s / hp9000

Parint 1% naive Kin.

2.9140+ 0.0291 E-2 nb | 1h59mM/AMD800MHZ




conclusion

If we require the precise understanding of
the present and future HEP, the large
scale computation Is unavoidable.

Combination of the automated systems
and the computational power Is one of the
essential element of the HEP.
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