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H∗ The integrand of the MB integral for the one−

loop propagator diagram with m1=m and m2=0 ∗L

In[3]:= MB@a1_, a2_D := H−1L^Ha1 + a2LêQQ^Ha1 + a2 + ep − 2LêGamma@a1DêGamma@a2D
Gamma@2 − ep − a2D Gamma@a1 + a2 + ep − 2 + zD Gamma@2 − ep − a1 − zD 

Gamma@−zDê Gamma@4 − 2 ep − a1 − a2 − zD mm^z êQQ^z;

H∗ Notation: mm=m^2, QQ=−q^2;
I Pi^Hdê2L is pulled out ∗L

H∗ The diagram with a1=1 and a2=1 ∗L

In[4]:= P1 = MB@1, 1D

Out[4]=
mmz QQ−ep−z Gamma@1 − epD Gamma@1 − ep − zD Gamma@−zD Gamma@ep + zD

Gamma@2 − 2 ep − zD

In[5]:= P1Rules = MBoptimizedRules@P1, ep → 0, 8<, 8ep<D

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

Out[5]= ::ep →
3

4
>, :z → −

1

2
>>

In[6]:= P1cont = MBcontinue@P1, ep → 0, P1RulesD

Level 1

Taking +residue in z = −ep

Level 2

Integral 81<

2 integralHsL found

Out[6]= ::MBintB
mm−ep Gamma@1 − epD Gamma@epD

Gamma@2 − epD
, 88ep → 0<, 8<<F>,

MBintB
mmz QQ−ep−z Gamma@1 − epD Gamma@1 − ep − zD Gamma@−zD Gamma@ep + zD

Gamma@2 − 2 ep − zD
, :8ep → 0<, :z → −

1

2
>>F>

In[7]:= P1select = MBpreselect@P1cont, 8ep, 0, 0<D

Out[7]= :MBintB
mm−ep Gamma@1 − epD Gamma@epD

Gamma@2 − epD
, 88ep → 0<, 8<<F,

MBintB
mmz QQ−ep−z Gamma@1 − epD Gamma@1 − ep − zD Gamma@−zD Gamma@ep + zD

Gamma@2 − 2 ep − zD
, :8ep → 0<, :z → −

1

2
>>F>

In[8]:= P1exp = MBexpand@P1select, E^HEulerGamma epL, 8ep, 0, 0<D

Out[8]= :MBintB1 +
1

ep
− Log@mmD, 88ep → 0<, 8<<F,

MBintB
mmz QQ−z Gamma@1 − zD Gamma@−zD Gamma@zD

Gamma@2 − zD
, :8ep → 0<, :z → −

1

2
>>F>



In[9]:= P1exp@@1DD

Out[9]= MBintB1 +
1

ep
− Log@mmD, 88ep → 0<, 8<<F

In[10]:= P1exp@@2DD

Out[10]= MBintB
mmz QQ−z Gamma@1 − zD Gamma@−zD Gamma@zD

Gamma@2 − zD
, :8ep → 0<, :z → −

1

2
>>F

In[11]:= int1 = P1exp@@2DD @@1DD êê.
8Gamma@2 − zD → H1 − zL Gamma@1 − zD, Gamma@1 − zD → −z Gamma@−zD, Gamma@zD → Gamma@1 + zDê z<

Out[11]=
mmz QQ−z Gamma@−zD Gamma@1 + zD

H1 − zL z

H∗ The MB integral can be evaluated by closing the
integration contour to the right in the complex z−plane. ∗L

H∗ First two residues ∗L

In[12]:= res12 = −Residue@int1, 8z, 0<D − Residue@int1, 8z, 1<D

Out[12]= 1 + Log@mmD − Log@QQD −
mm − mm Log@mmD + mm Log@QQD

QQ

H∗ Now we take residues at z=2,3,... ∗L

In[13]:= int1 ê. 8Gamma@−zD Gamma@1 + zD → −π Csc@π zD<

Out[13]= −
mmz π QQ−z Csc@π zD

H1 − zL z

H∗ Now we take HminusL the residue at z=n,
To do this we shift the variable and then take

a residue at z=0 ∗L

In[14]:= % ê. z → z + n

Out[14]= −
mmn+z π QQ−n−z Csc@π Hn + zLD

H1 − n − zL Hn + zL

In[15]:= % ê. 8Csc@π Hn + zLD → H−1L^n Csc@π zD <

Out[15]= −
H−1Ln mmn+z π QQ−n−z Csc@π zD

H1 − n − zL Hn + zL

In[16]:= −Residue@%, 8z, 0<D

Out[16]= −
H−1Ln mmn QQ−n

H−1 + nL n

H∗ Sum up contributions of the residues at z=2,3,... ∗L

In[17]:= Sum@%, 8n, 2, Infinity<D

Out[17]= −
−mm + mm LogA1 + mm

QQ
E + QQ LogA1 + mm

QQ
E

QQ

H∗ We add the above contributions from the residues
at z=0 and z=1 as well as B1exp@@1DD ∗L
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In[18]:= Simplify@% + res12 + P1exp@@1DD@@1DDD

Out[18]=
1

ep QQ
QQ + 2 ep QQ + ep mm Log@mmD − ep mm Log@QQD − ep QQ Log@QQD − ep Hmm + QQL LogB

mm + QQ

QQ
F

In[19]:= % ê. LogB
mm + QQ

QQ
F → Log@mm + QQD − Log@QQD

Out[19]=
1

ep QQ

HQQ + 2 ep QQ + ep mm Log@mmD − ep mm Log@QQD − ep QQ Log@QQD − ep Hmm + QQL H−Log@QQD + Log@mm + QQDLL

In[20]:= res = % ê. Log@mm + QQD → Log@Hmm + QQLê mmD + Log@mmD

Out[20]=
1

ep QQ
QQ + 2 ep QQ + ep mm Log@mmD − ep mm Log@QQD −

ep QQ Log@QQD − ep Hmm + QQL Log@mmD − Log@QQD + LogB
mm + QQ

mm
F

H∗ result ∗L

In[21]:= resSimpl = 2 +
1

ep
− Log@mmD − 1 +

mm

QQ
LogB1 +

QQ

mm
F;

H∗ check ∗L

In[22]:= Simplify@res − resSimplD

Out[22]= 0
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