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Introduction
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® Massless quarks and gluons the necessary
ingredients for any physical process.

® Four jets - landmark NLO calculation.

® bbbb production with massless bottoms.
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WITHIN D-DIMENSIONAL UNITARITY

Giele, Kunszt, Melnikov [0801.2237]
Ellis, Giele, Kunszt [0708.2398]
Ellis, Giele, Kunszt, Melnikov [0806.3467]
Zanderighi [...], Winter[...], Schulze[...]
AL[0812.2998]
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‘/No general formula for more than one fermion pair
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g Ao+ D, Ay AFPH — 9 A(6) _ A(8)

A = 2Ps/271 A AFPH — g A0) = 164®)
“Integrand level reduction ... partial fractioning

of the amplitude over the standard base of
master integrals ... OPP system”
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Finding A(P-)
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a) Fix loop momentum to
evaluate numerically those
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Finding A(P-)

éIs,s =P|l135= €10 ZO
_ e
1, =;7>|{: = - =Zdz4,rfr<ls> lo, U1 l2, 13,14
S R N Dry (1)
- PI Z € Js /13 oy dj, /15 (1s) = et ) lo & l7, l87 lg
s N Dy, (ls) Dy, (Is) -~ £ e Dy (Ls) .
. €Js /1, dJ4/12 (Ls) CJy/15(Ls)
b[ s — PI : Z Z = ZbIQ,ThT(lS)
z - Jsz/; Dyy (I) Dy (1) Dy (1) a7l Dy, (Is) Dry (L) JoTls Dy, (Ls) .
ZO . lg
Cuts in D,



RADCOR 2009

Finding A(Ps)
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Finding A(P-)
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Primitives



Gluons
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v The most dangerous numerically
V' The fastest for fixed N



v Much more stable
v Propotional to ny/N.



Fermions
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v Leading color
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v Leading color v 1/N. suppressed
v Fermion line direction
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v Leading Color v 1/N.suppressed
v Fermion line direction



“All necessary ingredients
for a virtual amplitude
with massless QCD
partons are in place,
tested, ready for
production mode”.



Numerical
Stability
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TRIPLE CUT
_ p p
H =VH 4+ ani + asnh + asnt

DOUBLE CUT
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Diagnosed by redundant OPP equation
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gram dets. pentagon contamination from the
CC part.
‘/ Particularly for the pure gluonic
case. ‘/ And to control its effect better in
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‘/ Even true for the Cut Constructible
part even though it can also be
evaluated in 4d, i.e. without
pentagons.
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v Pentagon decoupling from 4-D!
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gg->gggg DP pole accuracy old
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gg->gggg DP pole accuracy new

# of points
<
J

IIIEI’IIiIIIiII Eij_‘lllilllilllil
16 -14 -12 -10 -8 6 -4 -2 0




RADCOR 2009

o = diV 12)

d_g)s o Zd(l)rfr(l )

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

...................... Io Ly T et
_ (1) L i(2)
Clz,s = Cgazs +E.‘c§33s E
40 W)
—238 - Plllsa - Z g:le ) - ch)r.‘]r(ls)
J4/I3 s r
T eJ/IJ‘(IZ)/I ............................................. | ’
: (2) 5/13 a/13 I .
: = — r(ls) i can be handled with care
] “Tass Z Dkl(ls)Dkz(l) Z Dkl(l) ZCI:; rg( ) i )
S Jr»/’ ...................................... JaI3 e T ¢
brys = by, s bﬁ? .
' a0, (1) &0 (L)
b(l) —P I o Ja/I2 o J3 /12 b(l) hr ls
e =Pl = 2 DD T~ 2 Dl 2 el
................................................................................................... 3(2)(1)52)(1)
= €Jy /12 Ja/I2 J3 /I8 (2) :
b(z) —— 5 _ b hr(ls) :
fa,s Jz: Dkl(l )Dk2(l )Dks( ) Z Dkl(ls)Dk2(l) Z Dkl(l) Z far ( ) ’
s/1a Jy/1a Ja /1

. .
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

v Both subsystems contribute to the rational part
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Numerical Stability: the cure for pentagon contamination

“The pentagon
coefficient should
always be factored out
of any subtractions”
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dg->gggg accuracy old
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Jg->gggg accuracy new
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Jg->gggg accuracy new
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Pertformance



RADCOR 2009

N=6 N=7 N=8
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“Thanks to improved accuracy, quadruple precision is only
called rarely, which decreases drastically the realistic cpu

time per PSP”.



Summary



RADCOR 2009

® VWe can now do all primitives necessary for
massless QCD partonic processes,
including four- and six- fermion
subprocesses.

® Numerical instability issues due to
pentagon contamination are removed from
the CC part and controlled much better at
the RAT part.

® Ready for production mode.



