1= SetDirectory["c: /di skE/j ob2008/Zurich"1;
n2= << MB/MB. m

MB 1.1

by M chal Czakon

nmore info in hep-ph/0511200

| ast nodified 06 Mar 08
3= SortByDi mension[l _List]:=Sort[l, Length[#1[[2, 2]]] > Length[#2[[2, 2]]] &];

CoeffEps[X_, n_]:= (X /. X[[1]1] » Sinplify[Coefficient [X[[1]], ep, n1]);
MBDi mension[int _MBint]:=Length[int[[2, 2]]];

(* a 4fold MB representation for the on-shell 2l oop
non-pl anar vertex di agram derived | oop by | oop;
sg=-1 *)

7= V2 = (sgz"' Gama[-1-ep-z1-2z2] Gamma[-z2] Gamma[l +z1 +22] Ganma[-1-ep -z1 -23]
Gamma[-z3] Ganma[l +z1 +2z3] Gamma[-1-2ep -z2 -2z4] Gamma[-1-2ep -z3 -z4]
Gamma[-z4] Gamma[2 + 2 ep +z4] Ganma[-z1 +z4] Gamma[2 +ep +z1 + 22 +23+z4])/

(Garma[-3 ep] Gamma[-2 ep] Ganma [l -z2] Gamma [l - z3]) ;

ingl= V2rul es = MBopti mi zedRul es [V2, ep -0, {}, {ep}]
MBrules::norules : no rules could be found to regulate this integral
MBrules::norules : no rules could be found to regulate this integral
MBrules::norules : no rules could be found to regulate this integral

General::stop : Further output of MBrules::norules will be suppressed during this calculation. >
1

out[8]= {{ep%—g}, {Zle—%, ZZ»—%, 239—15—6, 24975}}

= V2cont = MBcontinue[V2, ep -0, V2rul es];
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Level 1
Taki ng -residue

Taki ng -residue

Taki ng -residue

Taki ng -residue
Level 2
Integral {1}
Taki ng -residue
Integral {2}
Taki ng -residue
Taki ng -residue
Taki ng -residue
Integral {3}
Taki ng -residue
Integral {4}
Taki ng -residue
Taki ng -residue
Level 3
Integral {1, 1}
Integral {2, 1}
Taki ng -residue
Integral {2, 2}
Integral {2, 3}
Taki ng -residue
Integral (3, 1}

Integral {4, 1}

Taki ng -residue

Integral {4, 2}
Taki ng -residue
Level 4
Integral {2, 1,
Integral {2, 3,
Integral {4, 1,
Integral {4, 2,
16 integral (s)
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inz2 = -1-ep-2z1

inz3 = -1-ep-2z1
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f ound

1/ep”™4 pol es??? *)
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o= V2sel ect 4 = MBpr esel ect [MBnerge[V2cont ], {ep, 0, -4}]

ouqt0= {}

n11:= V2sel ect 0 = MBpr esel ect [MBnerge [V2cont ], {ep, 0, 0}]

inf121:= V2sel ect 0S = Si npl i fy [Sort ByDi mensi on[V2sel ect 0]]

out[12]= {NBi nt [ (sg24 Geurrm[—ep]2 Gamma (1 + ep + zl]2 Gamma [-ep +z1 - 24}2
Gamma[-z4) Gamma (2 +2ep +z4) Gamma[-z1 +z4]) Gamma[-ep - z1 + z4] ) /

(Ganma [-3 ep] Ganma [-2 ep] Garma[2+ep+zl]2), {{epQO}, {Zle—%, z4—>——}H,

MBI nt [<Sg,1,26p,23 Gama[-1-ep-z1-23] Gamma[-z3] Ganma [l + z1 + 23]
(sg*eP*#+2® Gamma [-ep]? Gamma [ep - z1] Ganma[1 + ep + z1]
Gamua[2 +ep+z1) Ganma[-1-ep-2z1-2z3]) Ganma[l -ep +2z1 +23] +
Gamma [-2 ep] Ganma[-1-2ep -z1-23] (sgh?°+*1+?3 Gamma[ep] Garma[-2z1]
Gamma (2 +ep +z1] Ganma [l +2ep +z1] Ganma [l -ep +z1 +z3] + Ganma [-ep]
Gamm[1+ep+2z1] Gamma[1-23) Gamma[l+2ep+2z3] Gamma[l+ep+2z1+23])))/

(Gamma[-3ep] Ganma[-2ep] Ganma[2 +ep +z1] Gamma [l -z3]), {{epQO},

MBi nt [(sg’l’z‘*p’ZZ Gamma[-1-ep-z1-2z2] Ganma[-z2] Ganma[l +z1 +2z2]
(sg*eP21+22 Gamma [-ep ) Gamma [ep - z1] Gamma[1 + ep + z1]
Gamma (2 +ep +z1] Ganma[-1 -ep -z1-2z2] Gamma [l -ep +z1 +22] +
Ganma[-2ep] Gamma[-1-2ep -z1-22] (sg'?*P*!*2 Garma [ep] Gamma [-z1]
Gamma[2 +ep +z1]) Gamma[l +2ep+z1] Gamma[l -ep+z1+22] + Gamma[-ep]
Gama [l +ep+z1] Gamma[l-2z2] Gamma[l+2ep +2z2] Gamma[l +ep +z1+22])))/

(Ganma[-3 ep] Ganma[-2 ep] Ganma[2 + ep + z1] Ganma [l - z2]), {{epaO},

{zlefj‘? 22%*5}}}1

MBI nt [(sg’ep+Zl (sg® Gamma[-3 ep] Ganma[-2 ep] Gamma[ep]? Gamma[-z1] Gamma[2 + ep + z1]
Ganma[l+2ep+zl]2—Ganna[—ep]zGanna[1+ep+zl] Gamma (2 + 2 ep +z1]
(-2sg®®* Gammm[-2ep] Ganma[ep] Gamma[-z1] Ganma [l +2ep +z1] + Ganma[-ep]
Gamua[ep -z1] Gamma [l +ep +z1] (2 Eul erGama + Log [sg] + Pol yGamma [0, -2 ep] +
Pol yGamma [0, -ep] - Pol yGanma [0, ep -z1] + Pol yGamma [0, 2 +ep+z1]))))/
(Gamma[-3ep] Ganma[2 +ep +z1]) Ganma[2 + 2 ep +z1]), {{ep—>0},

1

{zr--2 1)

in[13;:= MBDi mensi on /e V2sel ect 0S

ouiz= {2, 2, 2, 1}

(* One-di nensi onal contribution V2sel ect0S[[4]] *)
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inj14):= V2sel ect 0S[[4]]

out[14]= MBI nt [(sg‘e"*Zl (sge” Gamma[-3 ep] Ganma[-2 ep] Ganma [ep]® Gamma[-z1] Gamma[2 + ep + z1]

Gamm[l+2ep+zl}2fGamm[fep]2Gamm[l+ep+zl] Ganmma (2 + 2 ep +z1]

(-2sg*P Ganma[-2ep] Gamma[ep] Gamma[-z1] Ganma[l +2ep +z1] + Gamma[-ep]
Gamma[ep -z1] Gamma [l +ep +z1] (2 Eul erGamma + Log [sg] + Pol yGanrma [0, -2 ep] +

Pol yGamma [0, -ep] - Pol yGanma [0, ep - z1] + Pol yGamma [0, 2+ep+zl]))))/
(Ganma[-3ep] Gamma[2 +ep +z1] Gamma[2 +2ep +z1]),
[tep- 03,
1
{22211
(* a piece of this: *)
in[1sl= V20 =

(2sg”* Gamma[-2 ep] Gamma[-ep]? Gamma[ep] Gamma[-z1] Ganma[l +ep +z1] Gama[l+2ep+2z1]) /

(Gamma[-3 ep] Ganma[2 + ep +z11);
(* no 1/ep”4 poles here??? «)
in[16:= Seri es[V20 E* (2 Eul er Gammra ep), {ep, 0, -4}]

1

out[16]=
Olep]

in[17):= V20 /. Sng—> E™ (I Pi z1)

oufi7- (2 e'7*! Gamma[-2ep] Gamma[-ep]? Gamma[ep] Ganma[-z1] Ganma [l + ep + z1] Ganma [l + 2 ep +211) /

(Gamma[-3 ep] Gamma[2 +ep +z1])
n1g)= % /. Gamma[2 +ep +z1] » Gamma[l +ep +z1] (1 +ep +z1)

2 ei"2l Ganma[-2 ep] Ganma[-ep]® Ganma[ep] Gamma[-z1] Gamma[l + 2 ep + z1]

Out[18]=
el (1+ep+z1) Gama[-3ep]

o= (% /. Gamma[-z1] - (-1)*n/nt!) /. z1-n

2 (-1)"ein" Ganmm[-2 ep] Gamma[-ep]? Ganma[ep] Gamma [l + 2 ep +nj

out[19]=
el (l+ep+n)n! Ganma[-3ep]

npoj= % /. @t"T o (-1)"

2 (-1)>"Ganmma[-2 ep] Gamma[-ep]® Gamma[ep] Ganmma [l + 2 ep + n]

out[20]=
el (l+ep+n)n! Gmma[-3ep]

Inf21:= % /. (_1)2n -»>1

2 Ganmmma[-2 ep] Gamma[-ep]? Gammajep] Gamma[l + 2 ep + n]

out[21]=
e (L+ep+n)n! Gamua[-3ep]

in22:= Sum%, {n, O, Infinity}]

27Csc[2eps] Gamma[-2ep] Ganna[—ep]zGamra[ep] Gamma [l + ep]

Out[22]= —
e Gamma [l -ep] Gamma[-3 ep]
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in23;:= Si nplify[Normal [Series[%E” (2 Eul erGamma ep), {ep, 0, -4}111]

3
out[23]= -

2 ep?

(* a singularity in epsilon arises when integrating over large values of z )

(* do not use the |oop-by-loop strategy of

deriving MB representations for nonplanar diagrams =)



