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(+ The integrand of the MB integral

| oop propagat or

4= MB[al_, a2_]:=(-1)"(al+a2) /QQ* (al +a2 +ep-2) /Ganmma[al] / Ganma[a2]
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Out[9]=

Gamma[2 -ep -a2] Ganma[al +a2 +ep-2+z] Ganma[2 -ep -al -z]
Gamua[-z] /Gamua[4-2ep-al-a2-z]mz/QQ"z;

(* Notation: mm=m2, QQ=-9"2;
I Pi”r(d/2) is pulled out =)

(» The diagramwith al=1 and a2=1 %)
P1 = MB[1, 1]

mt QQ°°* Garmm.[1 - ep] Gammm[1 - ep - z] Gammm[-z] Ganmm [ep + Z]

Gamma (2 -2ep -2]
MBr esol ve [P1, ep]

0. 2812 seconds
0. 1875 seconds

QO Ganma[1 - ep)? Gamma [ep]

{veine | Gama (2 -2 ep] . ({ep =0}, (}}], MBint |

m? QQ P * Gamma [l -ep] Gamma[l -ep-z] Gamma[-z] Gammafep + Z]

Gamma[2-2ep-2]

Boxl[al_, a2_, a3_, a4_] : =

, {{ep-0}, {z-0. 511912}}”

(§P-a1-a2-a3-24-ep-2 T2 Garmm[al + a2 + a3 +a4 - 2 +ep + 2] Ganma[a2 + z] Ganma[ad + 2]
Gamma[2 -al-a2-ad4-ep-z] Ganma[2-a2-a3 -ad4-ep-z] Gamma[-2] )/
(Gamma[al] Ganma[a2] Gamma[a3] Ganma[ad4] Gamma[4 -al -a2 -a3 -a4 -2epl);

Box1[l, 1, 1, 1]

S2-ep-z T2 Gamm[—l—ep—szGamm[—zj Garma[1+z1zGamra[2+ep+z}

Gamma[-2 ep]
Bl=% /. {S->1, T-x}

x? Garrma[flfepfz]zGamm[—z] Garrrra[l+z}ZGamm[2+ep+z]

Gamma[-2 ep]
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in[101:= MBresol ve [Bl, ep]

CREATING RESIDUES LIST.......... 0. 4688 seconds
EVALUATING RESIDUES. ......... 0.3125 seconds

. Eul erGamraGanna[—ep}zGarma[1+ep}
out[10]= {NBI nt [7 N
x Gamma [-2 ep]

Gamma[-ep]® Gamma[l + ep] Log[x] 2Gama[-ep]?Gama[l +ep] Pol yGanmma [0, -ep]
X Gamma [-2 ep] : x Gamma [-2 ep]
Gamma[-ep]® Gamma [l + ep] Pol yGanma [0, 1 +ep]

, {{ep -0}, ,
X Gamma [ 2 ep] {{ep >0}, {}}

MBI nt x? Gamm[flfepfz]zGanna[fz] Garrma[l+z]zGamm[2+ep+z]
i n

Gama[-2ep]
{{ep -0}, {z>-1. 81305}}”

inf11)= NPMB[al_, a2_, a3_, a4_, a5_, a6_]:= ((-1)~(al+a2+a3 +ad4 +ab5+ab) /

(Gamma[al] Ganma[a2] Gamma[a3] Ganma[a4] Gamma[a5] Ganma[a6])
Gamma[2 -ep-a3 -a5] Gamma[2 -ep-a4 -a6] /Gamua[4 -2ep-a3-a4-a5-a6]/
Gamma[6 -3 ep-al-a2-a3-a4-ab-ab]
Gammmaf[al +a2+a3+ad4+ab+ab+2ep-4+2z1+22] Gamma[-z1] Gamma[-z2]
Gamma[2 -ep-al -a2 -z1] Ganma[ad +z2] Gammafal +z1 +z2]
Gamma[4 -2ep-al-a3-a4-ab5-a6-z2] Gamma[4-2ep-al-a2-a4-a5-a6-2z1-22]
Gamma[a5 +z2] Gamma[4-2ep-al-a2-a3-a4-a5-z1-22]/

Gamma[4 -2ep-al-a2-a4-a6-z1]/Gmmua[4-2ep-al-a2-a3-a5-z1]);

nep= V2 = NPMB[1, 1, 1, 1, 1, 1]
ourizi- (Gamma[-ep)? Gamma[-ep - z1] Gamma[-z1] Gamma[-1-2ep - z2] Ganma[-1 - 2ep - z1 - z2]?

Gamma [-z2] Ganna[1+22]zGarma[l+zl+22] Garma[2+2ep+zl+22])/
(Gamma (-3 ep] Ganma[-2ep] Gamma[-2 ep - z1]?)
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in[13:= MBresol ve[V2, ep]

CREATING RESIDUES LIST.......... 0. 625 seconds
EVALUATING RESIDUES. ......... 0. 25 seconds

. Gamm[—Zep]4Garma[—ep12Ganma[1+2ep]2
ouns- {MBint | . ({ep -0}, (11,
Gamma [-4 ep]?

MBi nt | (Gamma[-2 ep] Ganma [-ep]? Ganma [l + 2 ep] Gamma[-ep - z1] Gamma[-z1]% Gamma [l + z1]
Gamm [-2ep +2z1]) / (Ganmm [-3 ep] Ganma [-2 ep—zl]z), {{ep -0}, {z1--0.859981}}],

1
MBi nt [—7Eul er Ganma Garma[—ep]zGarma[—l—Zep—zZ} Gamma[-z2]
Gamma[-3 ep]
1
Gamma [l +ep +z2] Ganma [l +2ep +22] - 7Ganna[—ep}2Gamm[—l—2ep—22]
Gamma[-3 ep]
1
Gamma[-z2] Gamma [l +ep +z2]) Ganma [l +2ep +z2] PolyGamma [0, -2ep] - ———M——
Gama [-3 ep]
ZGamTa[fep]zGanﬂa[fl—Zep—zZ} Gamma[-z2] Gamma [l +ep +z2] Ganma [l + 2 ep + z22]
1
Pol yGamma [0, 1+2z2]+ — Ganmma[-ep]®Ganma[-1-2ep - z2]
Gamma[-3 ep]
Gammae[-z2] Gamma [l +ep +z2] Garma [l + 2 ep +z2] Pol yGamma [0, 1 +ep +22] +
1
= Gamma[-ep]®’Gamma[-1-2ep-z2] Gamma[-z2] Gamma [l + ep + z2]
Gamma[-3 ep]

Ganmma [l +2ep+2z2] PolyGamma [0, 1 +2ep +22], {{ep-0}, {224—0.859981}}},
MBi nt [(Gamm[—ep]zGamm[—ep—zl] Gamma[-z1]) Gamma[-1-2ep-z2) Gamma[-1-2ep -2z1 —22]2
Gamma[-z2] Gamma[1 +2z2]% Ganma[1 +z1 +22) Ganma (2 + 2 ep +z1 +22]) /
(Ganma [-3 ep] Ganma[-2 ep] Ganma [ -2 ep—zl]z),
{{ep >0}, {z1- -0.72274, z2 > -0. 274294}}}}

inf141:= Siopli fy[%]

Gamma[-2 ep]* Ganma[-ep]? Gamma [l + 2 ep]?

oua- MBIt | . ({ep =03, (11,

Gamna[—4ep]2
MBi nt [ (Gamma[-2 ep] Gamma[-ep]® Gamma (1 + 2 ep] Gamma[-ep - z1] Gamma[-z1]° Gamma[1 + z1]
Gamma[-2ep+2z1]) / (Gamma[-3 ep] Ganma[-2 eple]z), {{ep >0}, {z1--0.859981}}],
MBI nt [;Gamra[—ep}zGam[—l—Zepsz] Ganma[-z2] Gamma [l « ep + 22]
Gama [-3 ep]
Gammu [l +2ep+22] (-Eul erGamma - Pol yGamma [0, -2 ep] -2 Pol yGamma [0, 1 +2z2] +
Pol yGamma [0, 1 +ep +2z2] + PolyGamma [0, 1 +2ep+22]), {{ep~->0}, {z2 - -0. 859981}}},
MBi nt [(Gamm[—ep]zGamm[—ep—zl] Ganmma[-z1) Gamma[-1-2ep-z2) Gamma[-1-2ep -2z1 —22]2
Gamma [-z2] Gamma [1 +2z2]% Ganma[1 +z1 +2z2) Gamma (2 + 2 ep + z1 +22]) /
(Ganma.[-3 ep] Ganma[-2 ep] Ganma [ -2 ep—zl]z),
({ep >0}, {z1 > -0.72274, z2 > -0. 274294}}}}

(* Exanmpl e 4a *)
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npsp= F=Gama[3/2+ep+z] Gamma[-1-2ep -2]
Gamma[dep +z] Ganma[-z] Ganma[l /2 -ep-2z] /Gamua[l -2ep -2]

1

Out[15]=
Gamma [l -2 ep-z]

1 3
Gamma[-1-2ep -z] Ganma E—ep—z Gamma[-z] Gamma E+ep+z Gamma (4 ep + 2]

ini16)= MBresol ve[F, ep]

CREATI NG RESIDUES LIST.......... 0. 3281 seconds
EVALUATI NG RESIDUES. ......... 0. 3125 seconds

Gamma |2 -3ep| Ganma[4 ep) Ganma[-1+2ep] Ganma[; + 3ep|

oupie= { MBI nt | Al 2 en] . {tep -0}, (11,
Gamra[%fsep] Garrrra[ZepJGarrrra[g+3ep} Ganma [l +4ep]
MBI nt [ - . (tep -0}, (11,
Gammua [2 + 2 ep]
) 1 3
I\/Blnt[ Garma[flfzepfﬂGamm[afepfz}Garma[fz}Gamm E+ep+z Ganmma (4 ep + 2] /

Gamma[l-2ep-2z], {{ep-0}, {29—1.48302}}”

in[17):= MBmer ge [%]

Gamma [ S - 3ep| Ganma[4 ep] Gamma (-1 +2ep] Ganma | +3ep|

out[17]= {I\/Bi nt [ _
Gamma [l + 2 ep]

Garma[%—?:ep] Garma [2 ep] Gam’ra[%+3ep] Garma [l +4ep]
. (tep =03, (11,

Gamma (2 + 2 ep]

/

1 3
MBI nt [ Gama[-1-2ep-z] Gamm[z—ep—z} Garmma [-z] Gamma E+ep+z] Gamma (4 ep + 7]

Gamma[l-2ep-z], {{ep—0}, {Za—1.48302}}”

(* Exanpl e 4b *)

npel= F=Gamma[-1/2+ep+z] Gamma[l + ep+z] Ganma[3 /2 -ep-z] Gamma[-z]
3 1
out18]= Gamma E—ep—z Gamma[-z] Ganma —E+ep+z Gamma [l +ep +2]

in[191:= MBresol ve[F, ep]

CREATING RESIDUES LIST.......... 0. 2188 seconds
EVALUATING RESIDUES. ......... 0. 1562 seconds

out19]= {NBi nt [%ﬁGamTa{—%Jrep], ({ep >0}, {}}}, VB nt[

3 1
Gamra[g—ep—z] Gama[-z] Garma[—5+ep+z] Gamma [l +ep+2z], {{ep->0}, {z->-0. 294497}}”



