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Outline

® A brief history of XLOOPS-GiNaC

® Box integrals in Parallel-Orthogonal
Space (POYS)

® General procedure for box integration
® One-loop box results

® [wo-loop box results (preliminary)
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A Brief History of XLOOPS-GiNac

® [991-1994: Loop Integration in the Parallel -
Orthognal (POS) for one-loop and two-loop was
introduced by D. Kreimer.

® [995-1998: Xloops was developed based on
MapleV (Brucher, Franzkowski, Frink, Kreckel,
Kreimer)

® Since 1999: GiNaC was developed to replace
MapleV (Bauer, Frink, Kreckel,Vollinga,....)

® Since 1999: XLOOPS-GiNaC was developed
(Bauer, Do, and Knodel, Seul, Spiesberger, Vollinga...)

® About 20 related articles was published
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Structure and Features

=
Z |l &l
® Simple tensor reduction ; c otoun function
procedure 2 B fncions
<
® Valid for massless and/or . e
arbitrary massive Parint
particles and arbitrary .

tensor order

® Two-loop Two-point integrals can be integrated by
two-fold numerical integration using pVegas or Parint.

® Allcodeisin C™

® http://wwwthep.physik.uni-mainz.de/~xloops/
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Pros and Cons

® Gram determinant problem free.

Tensor integrals are automatically decomposed
into integrals of components of internal
momenta. No matrix inversion!

® The price is Lorentz invariant structure of the
integrals.

® The package has never reached a productive
status. Tests should be done!
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Box integrals in POS
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One-loop Box Integrals

* Scalar one-loop box integral in 4-dim POS

O @) 1
Do =2 / dlodlldb/du T
—0 0 [T1(+qr)*—m; +ip)
k=1

(I+q)° = (lo+qo)® — (L +qi1)* — (Ia + qi2)? —@

* This is an integral over 4 variables, symmetric
in /1

* The masses my can be complex or real
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Two-loop Box Integrals

* We are interested in a subgroup of Scalar Two-loop
box integral (crossed and planar topologies)

! ! y
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N; Ny,
P(l) = H (1 +q) —m3+in] , Pk) =[] [(k+ an)? —m2 +in)
Nz

P(l+k)=]][0+k+q)* —m?+in)
J
Kreimer Phys.Lett.B347, 1995; Kreckel, Eur.Phys.J.C6 1998
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Algorithm

Linearize
propagators l

Residue Integration
| |
l l

One-Loop Two-loop 4-dim
1-dim Integrands Integrands

Numerical Result
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Linearize propagators

* For arbitrary masses, the poles of the integrand in the
complex planes of /3, k3, (I3+k3) stay on the first and the
third quadrant.

P(l) = (lo+gqo)*— =13 —mi+in
P,(l+k) = (lp+ko+qgn)—-—(I3+k3)* —m:+in
Pi(k) = (ko+qjo)* = —k3 —mj +in

* 3 of 4 variables (for one-loop) and 4 of 8 variables (for 2-
loop) can be linearized by a set of transformations
¢ Metric rotation: (+,-,-,-) — (+, -, -, +)

\/

& ZO_>IO+ZI, ko—)k0+k], 13—>l3‘|‘12, k3—)k3+k2

Kreimer et al: Phys.Lett.B347, 1995,
Kreckel Eur.Phys.J.C6 1998, franzkowski thesis 1998

* For arbitrary complex masses, the pole’s locations are more
complicated but the above transformations still applicable!
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One-loop |-dim box integrals
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Two-loop 2-dim box integrals

* Including of 32 terms of the form

Ng Ng N

L J©

h lo. la: ko ke
4> S‘/ dl()dlgdk’odk'g N Q( 0543 ]8; 3)

g=1g'#g l=1 U'#I II Duv(lo,ls; ko, k3) 11 Di (lo, 35 ko, ks3)
VAL k=1

—

* Q is polynomial of ly, I3, ko, k3
 D’s are quadratic in Iy, [3, ko, k3
* /is a finite volume which is constrained by

the locations of poles.
* Integrand is a huge expression " Numerical
stability and performance problems!!!!
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Numerical Results - Do
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Numerical Results - Do

Le Duc Ninh, Dao Thi Nhung,
Comput.Phys.Commun.180, 2009

k
pﬁ XLOOPS-GiNaC LoopTools 2.5

40 Real: 3.179575942209314007E — 6  3.17958¢~%
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Numerical Results - So,

Numerical stability might turn out to be
finally an issue (Richard Kreckel)
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Outlooks

* Numerical results for Two-loop box

¢ Clean the code and make a better
configuration script for XLOOPS-GiNaC

* More tests
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Thank you!
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Backup
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Backup
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Backup

Techniques using Mellin-Barnes
transformation are very successfully
applied to at least integrals with few

masses(.....Jand it seems to be the best
method around. (Jens Vollinga)

Friday, September 24, 2010



Tensor decomposition

-

For J-parallel dimension cases ¢, = (qo,...47,0)

k*q, = (ko + q@o) + 4 (ks +qig)”
k' =K+ Zf(k @) gl
Ni(k) = (ko + qi0)* + - + (ks + q50)* + k7 — m7 + in
KRN S N R R QURo, - k) gt gty

The integrals are symmetric in £/, "™ one ends
up with integrals in k., ... k;
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