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Why Feynman Diagrams?

» No distinction between cut-constructible and rational part
= conceptually simple (one method for all parts)

» Gram determinant problem avoidable by dedicated
tensor reduction (= golem95)

» Combinatorial complexity of Feynman diagrams
= problematic mainly beyond 2 — 4

» Tool of choice for many masses and few symmetries
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The GOLEM Method: Overview

The GOLEM method uses
> Feynman diagrams
» Helicity projections
» Improved tensor reduction
The GOLEM method is designed for
» any number of ext. particles (< 6 feasable)
» massless and massive particles
» QCD and EW corrections
» physics within and beyond the Standard Model
The GOLEM method is aiming at
» NLO “Plug In" for MC generators
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IR-subtraction

At present very few
automated tools for
virtual part
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golem-2.0: A Generator for Virtual Matrix Elem

NLO calculations are
modularized:

>

tree level 2 — N
(Born)

one-loop 2 — N
(virtual)

tree level 2 - N +1
(real)

IR-subtraction

At present very few
automated tools for
virtual part

Aim of GOLEM:

corrections

automated generation of one-loop part
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golem-2.0: Structure

golem95

process.ps

Makefile

contract file
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» create configuration file

$ golem-main.py --template process.in
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> create configuration file
> enter process, here: gg — ssbb @ NLO in QCD

process_path=<a directory>

in=g,g
out=s,s”,b,b”

order=gs,4,6
model=sm

# more settings optional




golem-2.0: Matrix Elements Made Easy iw}f;li/i“

» create configuration file
> enter process, here: gg — ssbb @ NLO in QCD

> set up process directory

$ golem-main.py --template process.in
$ edit process.in
$ golem-main.py process.in

$




golem-2.0: Matrix Elements Made Easy iw}f;li/i“

v

create configuration file
> enter process, here: gg — ssbb @ NLO in QCD
> set up process directory

> generate code

$ golem-main.py --template process.in

$ edit process.in
$ golem-main.py process.in
$ make dist # -> matrix.tar.gz

$




golem-2.0: Matrix Elements Made Easy 7 NBgEr

v

create configuration file
> enter process, here: gg — ssbb @ NLO in QCD
> set up process directory

» generate code and draw diagrams

$ golem-main.py --template process.in

$ edit process.in

$ golem-main.py process.in

$ make dist # -> matrix.tar.gz
$ make doc # -> process.ps £

$
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golem-2.0: Unfinished Features

Things to be finished in the near future:
» FeynRules model files

» Les Houches interface

v

PowHeg-Box interface [aiiclinason Oleari re]

v

release after validation of gg — bbbb
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golem95: Reduction of One-Loop Integrals

is a Fortran95 library for the reduction and numerically stable
evaluation of tensor integral form factors.

The reduction method avoids instabilities induced by small
Gram determinants.
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golem95: Reduction of One-Loop Integrals

is a Fortran95 library for the reduction and numerically stable
evaluation of tensor integral form factors.

The reduction method avoids instabilities induced by small
Gram determinants.

News: golem95 Version 1.1.0 released.

» inclusion of internal masses

with link to LoopTools [Hahn,Perez-Victoria| for some infrared finite integrals
> scale p has been added
» installation uses AutoTools

» better routine for matrix inversion
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golem95: Reduction of One-Loop Integrals

is a Fortran95 library for the reduction and numerically stable
evaluation of tensor integral form factors.

The reduction method avoids instabilities induced by small
Gram determinants.

News: golem95 Version 1.1.0 released.

» inclusion of internal masses

with link to LoopTools [Hahn,Perez-Victoria| for some infrared finite integrals
> scale p has been added
» installation uses AutoTools
> better routine for matrix inversion

= suitable for all processes up to 6 legs with real masses!

GOLEM: Status and Progress Thomas Reiter 24 June 2010
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golem95: Reduction of One-Loop Integrals

ddk ket fhz L b
m/2[(k+ 1) —mi] - [(k +7ry)? — m}]

= (r—r)?—mi—-m?

Sij i
Gij = 2Ti-7‘j

de\;/»“l'uﬂfr (S) _ /Z

Starting point: one-loop tensor integrals
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golem95: Reduction of One-Loop Integrals

A A%k A T I T
dipun . iy —
1) = [ G =[P =

v

I%(S) = (~1)MT(N—d/2) /OdNZ O(1 =% z)

(—%zTSz — i5) N

Full reduction to scalar integral = Gram determinants
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golem95: Reduction of One-Loop Integrals

) ddk Ha otz L. e
[duwl B (G —
V) = [ T T = il e

— Yz A,
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form factor decomposition: non-scalar Feynman param. integrals

GOLEM: Status and Progress Thomas Reiter 24 June 2010



golem95: Reduction of One-Loop Integrals

) ddk Ha otz L. e
Iduwlmur S) =
V) = [ T T = il e

— Yz A,

I, .. 1;8) = (1) T(N—d/2) /dN -
( 1782 — iJ)

I4(8) = (=) T(N=d/2) [a¥= =7 \
0 (—%zTSz - i(5> ‘

det G small = numerical evaluation of non-scalar integrals.
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http://lappweb.in2p3.fr/lapth/Golem/golem95.html

golem95: Status and outlook

» Current version (1.1.0) contains all massive and massless
one-loop integrals up to 6 legs

» well tested, many examples
» for some massive integrals only algebraic branch available

» future plans include

» completion of numerical integration for all integrals
» removal of dependence on 3rd party libraries
» complex masses

> http://lappweb.in2p3.fr/lapth/Golem/golem95.html
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The four-b amplitude

... for an overview of recent NLO results see Lance Dixon's talk. ..
...or Francesco Tramontano's talk. . .
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bbbb: An Important Background

4b Final State So LHC Discovery Contours
Muw=1 TeV, no squark mixing
M=175 GeV, £,-19=0.6, Eme-109=0.01

20 F
I L=60 fb™' » Uncertainty on bbbb crucial
for ATLAS+CMS for BSM Higgs searches

Hbb and Abb

» for certain MSSM scenarios:
H — bbbb enhanced

» maybe only discovery
channel

S
T

H—>hh,AA and hbb,Abb

OFT X" T LT =TT
]

hbb and Abb
hbb, Hbb and Abb

» also important for other
H=>hh—=> 4b BSM models

e ar SR EPEPEPET EPEPEPEE bW |
100 200 300 400 500

m, (GeV)




pp — bbbb: Overview

» Born part and virtual corrections
> qg — bbbb
> gg — bbbb
> real corrections
> qg — bbbb+ g
> gg — bbbb+g
» gq — bbbb+ g
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pp — bbbb: Overview

» Born part and virtual corrections
> g3 — bZ)bl__) (done)
> gg — bbbb
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> qG — bébl__) + g (done)
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» gq — bbbb+ q (done)
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pp — bbbb: Overview

v

Born part and virtual corrections
> g3 — bZ)bé (done)
> gg — bbbb
real corrections
> qG — béb[) + g (done)
> gg — bbbb + g (done)
» gq — bbbb+ q (done)

v

v

Approximations: mp =0, m; — oo, q € {u,d,s,c}
» LHC kinematics and cuts:

Vs =14TeV

pr cut: pr > 30GeV

rapidity cut: |n| < 2.5

separation cut: AR > 0.8

vV vy vy



qg — bbbb

» computed with different setups:
» golem-2.0+golem95+MadGraph/MadEvent/MadDipole
[Long,Stelzer/Maltoni,Stelzer /Frederix,Gehrmann,Greiner]
» golem-2.0+golem95+Whizard [«iian,onl Reuter]
» golem-2.0+Samurai+MadGraph/MadEvent/MadDipole
» FeynArts/Form/Maple for cross-check of virtual part

10000
dquble po:e
L i) single pole  —
3 r ]
o [ ]
s f — 1o ] 1000 £
e ‘T -]
s ]
o L ]
- L i
3 — 100 |
2 - s
i E
F 1 1
r 1 18 16 14 12 10 8 6 4 2
0| logy of pole mismatch normalized to \MEW\Z
50 100 150 200 250 300 350 400
m(b,b,) [GeV] _ ) ) .
qq channel, pole cancellation of virtual part using
qq channel complete Samurai on 10° points
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pp — bbbb: Real Emission

> real emission implemented for all channels using
MadEvent/MadDipole

> integration cross-checked with HELAC-PHEGAS

s
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m(bb,) [GeV] Pr(b1)

invariant bb-mass (real only) pr of the hardest jet (real only)



Summary and Outlook
golem-2.0:

> interfaces for FeynRules,
PowHeg-Box and Les Houches
Accord planned

> interface for golem95 and Samurai
ready

> release after further validation
golem95:

> all integrals up to hexagons in
latest release

» AutoTools for
installation/configuration

» complex masses and completion of
numerical branch coming in future
release

pp — bbbb
> last missing piece:
gg-channel, virtual

> comparison with
independent code
under way

» stability and speed
promising
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