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(* Example 4a *)

F =Gamma[3/2+ep+2z] Gamma[-1-2ep - Z]
Gamma[4 ep + z] Gamma[-z] Gamma[l/2 -ep-2z] /Gamma[l-2ep - 2]
1

Gamma[l-2ep-2z]

1 3
Gamma[-1-2ep -z] Gamma 5-7ep——z Gamma[-z] Gamma §»+ep+—z Gamma[4ep + Z]

(* Strategy #2 *)

Frules = MBoptimizedRules[F, ep -0, {}, {ep}]

MBrules::norules : no rules could be found to regulate this integral
{}

(* Strategy #1 *)

(* The two residues *)

-Residue[F, {z, -1-2ep}] +Residue[F, {z, -4ep}]

1 3
Gamma{g-fep}Gamma[§-+ep]Gamma[fl+—2ep}Gamma[14—2ep}+

Gamma[gAf3ep}Gamma[4ep}Gamma[flﬁ—Zep}Gamma[%A+3ep}

Gamma [l + 2 ep]

(* plus an integral with the first poles of
Gamma[4 ep+z]and Gamma[-1-2 ep-z] of the opposite nature *)

(+ Strategy #2: introduce an auxiliary analytic regularization &)

F=Gamma[3/2+ep+z] Gamma[-1-2ep-2z+Y]
Gamma[4 ep + z] Gamma[-z] Gamma[l/2 -ep-2z] /Gamma[l-2ep - 2]

1

Gamma[l-2ep - 2z]

1 3
Gamma Er—ep—fz Gamma[-1-2ep+Yy-2z] Gamma[-z] Gamma 57+ep1—z Gamma[4 ep + Z]

Steplrules = MBoptimizedRules[F, y -0, {}, {ep, Y}]

MBrules::norules: no rules could be found to regulate this integral

1 7 5

{{er- 2’ y*z}’ {“‘z}}

conl = MBcontinue[F, y » 0, Steplrules]
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Level 1

Taking -residue Iin z = -1-2ep+y
Level 2

Integral {1}

2 integral (s) found

Gamma[g +ep-y| Gamma[l+2ep-y] Gamma[% ~ep+y| Gamma[-1+2ep +y]
[{wBint|

Gamma[2 - Y] ’
{{ep»%,yw}, 0}
MBint[Gamma[liLZepfzJ Gamma{% —ep—z} Gamma[-1-2ep+y-2z] Gamma[-2]

Gamma[g +ep+z] Gamma[4ep + z], Hepa % y»O}, {2»72}}

I}

expl = MBexpand[conl, 1, {y, 0, 0}]

{MBint[Gamma{% 7ep} Gamma{g +ep} Gamma[-1+2ep] Gamma[l +2ep], Hep» % y%o}, {}H ,

1 1

MBint[ Gamma[-1-2ep-2z] Gamma[gfepfz}

Gamma[l-2ep - 2z]

Gamma[-z] Gamma[g +ep+z] Gamma[4ep + 2], Hepe ; yao}, {Zﬁf%}}}}

con2 = Table[MBcontinue[expl[[i, 1]1], ep~-» 0, expl[[i, 2]]], {i, Length[expl]}]
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Level 1

1 integral (s) found

Level 1

Taking +residue in z = -1-2ep
Taking +residue in z = -4ep
Taking +residue in z = -1-4ep
Level 2

Integral {1}
Integral {2}
Integral {3}

4 integral (s) found

) 1 3
{{MBlnt[Gamma{E»fep}Gamma{§-+ep}Gamma[fla—Zep]Gamma[1+—29p],{{ep4>0,y4»0},{}}]},

{{MBint[fGamma

—

1 3
EA—ep}Gamma[54+ep]Gamma[—lw—Zep}Gamma[lw—ZepJ,{{ep4>0,y—90},{}}}},

Gamma[§473ep]Gamma[4ep}Gamma[71+—2ep}Gamma[%;+3ep]
[wBint| . ({ep~0,y-0}, (11]},
Gamma[l+2ep]
Gamma[%473ep}Gamma[2ep}Gamma[§A+3ep}Gamma[14—4ep]
[uBint |- . ({ep~0,y-0}, (1]},
Gamma[2 + 2 ep]
) 1 1
MBlnt[ Gamma[71472epAfz]Gamma[Eufepfz}

Gamma[l-2ep-z]
Gamma[fz]Gamma[§-+ep+—z Gamma[4ep+—z],{{ep4>0,y4»0}, {zg>7§}}]}}
2 4
MBmerge [%]
Gamma[gAf3ep}Gamma[4ep]Gamma[fla—Zep]Gamma[%AFSep}

{MBint[ -
Gamma [l + 2 ep]

Gamma[%473ep}Gamma[Zep}Gamma[;A+3ep}Gamma[11—4epJ

, {{e 0, 03, ,
Gamma[2 + 2 ep] tep=0.y=05. )

1
Gamma[l-2ep-2z]

Gamma[gArep+z Gamma[4ep+—z],{{ep4>0,y*%0},{Z‘>*§}}]}

1
MBint[ Gamma[flngepAfz}Gamma[ér—ep—fz}Gamma[—z}

exp2 = MBexpand[%, Exp[2 ep EulerGamma], {ep, O, 0}]
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MBmerge [%]
) 1 3
{MBlnt[— 7 |6-6ep 76+2EulerGammaf3P0IyGamma[0, —} +3PolyGamma[O, — ) +
96 ep? 2 2
2 1 3
ep? |12 EulerGamma” + 35 n% - 36 EulerGamma |2 + PolyGamma[O, E} - PolyGamma[O, 5 ] +

2 3 2

1 3
3 —44+9PolyGamma{0, E} +12PolyGamma{0, 5 +9PolyGamma[0, 5} -

1 3
6POIyGamma{0, E} (2+3PolyGamma[O, E} , {{ep->0,y-0}, {}}},

Gamma[-1 - Z] Gamma[% - z] Gamma[-z] Gamma[z] Gamma[g + 2]
MBint R
[ Gamma[l - z]

[tep>0,y-03,
5

{z--2H1)

(* Example 4b *)

in6l:= F =Gamma[-1/2+ep+2z] Gamma[l+ ep+z] Gamma[3/2-ep-z] Gamma[-z]
3 1
out[26]= Gamma E -ep-z| Gamma[-z] Gamma 75 +ep+z| Gamma[l+ep+ 2]

(* Strategy #1:
there are no poles. Expand the integrand in epsilon. However,
the contour cannot be a straight line. *)

(* Strategy #2 *)

in271:= F=Gamma[-1/2+ep+2z] Gamma[l + ep +z] Gamma[3/2-ep -z] Gamma[-z]
3 1
out27]= Gamma > -ep-z| Gamma[-z] Gamma 5 +ep+z| Gamma[l +ep + 2]

in2g:= Frules = MBoptimizedRules[F, ep- 0, {}, {ep}]
MBresidues::contour : contour starts and/or ends on a pole of Gamma[l + ep + z]
MBresidues::contour : contour starts and/or ends on a pole of Gamma[l + ep + z]

MBresidues::contour : contour starts and/or ends on a pole of Gammal[l + ep + ]

General::stop : Further output of MBresidues::contour will be suppressed during this calculation. >

outf2g]= $Aborted

(*The integral of Gamma[a+s] Gamma[b+s] Gamma[c-s] Gamma[dd-S]x)
in29]:= Mel40[a_, b_, c_, d_] :=Gamma[a + c] Gamma[a + d] Gamma[b + c] Gamma[b + d] /Gamma[a+b +cC +d];
inz0:= Mel40[-1/2 +ep, 1+ ep, 3/2-ep, 0]

3/ Gamma[- +ep] Gamma[1 + ep]

Qut[30]=
HiEel 4 Gamma (2 + ep]



