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Lectures and Courses

     
Thomas Hahn (MPI Munich)                     Mathematica, FeynArts and FormCalc and all that

Sven-Olaf Moch (Uni Hamburg)                Introduction to Computer Algebra 

Tord Riemann (DESY)

Peter Marquard (DESY)                            Introduction to the calculation of Feynman integrals

Jos Vermaseren (Nikhef)                             Introduction to FORM 

The CAPP school combines theory and practice in an advanced environment. It provides education 

and training of students and young researchers at graduate and Ph.D. level on central topics at the 

interface of modern computer algebra and particle physics. The courses are accompanied by

exercises and practical hands-on training with modern software.  
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Idea for the CAPP series

• Result of some big calculation . . .
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5ζ22−

7
2H1,2+

23
2 H1ζ2−4H0ζ3

]

+(1+ x)
[49
6 H3−H

−2,0−
55
6 H0ζ2−

1
2H3,1−

1159
36 ζ2

+
655
576−

151
6 ζ3−

185
18 H1,1 +

1
6H1,1,1−

95
9 H2+

29
6 H2,1−

171
4 H

−1,0−12H
−1,0,0+7H

−1ζ2

+16H
−1,−1,0+

5
3H2,0 +

3
2H2,1,1+4H0,0,0,0

]

−35H
−2,0−

179
27 H0 +

2041
144 H0,0−

19
6 H0,0,0

−2H3,0−
13
2 H0ζ2−13H

−3,0−
13
2 H3,1 +

15
2 H3−

2005
64 +

157
4 ζ2 +8ζ3 +

1291
432 H1+

55
12H1,1

+
3
2H2+

1
2H2,1 +

27
4 H

−1,0−
11
2 H1,0,0−8H2,0,0−4ζ22 +

3
2H1,2−H2,2+

5
2H1ζ2+8H

−1,−1,0

+4H2,0+
3
2H2,1,1−H

−1ζ2 +7H2ζ2+6H
−2ζ2+12H

−2,−1,0−6H
−2,0,0+ x

[

3H1,1,1−H0,0ζ2

+
9
2H−1,0,0−

35
8 H1,0 +2H4+3H1,1,0+H

−1,2
])

+16CA2CF
(

x2
[2
3H1ζ2−

2105
81 −

77
18H0,0

−6H3+
16
3 ζ3−10H

−1,0−
14
3 H2,0−

2
3H−1ζ2−

14
3 H0,0,0+

104
9 H2−

4
3H1,0,0 +

37
9 H1,1

+
4
3H−1,−1,0−

104
9 ζ2−

8
3H2,1+

145
18 H1,0+

4
3H−1,2+

2
3H1,1,1−

109
27 H1 +

8
3H−1,0,0+6H0ζ2

+4H
−2,0+

584
27 H0

]

+ pgq(x)
[7
2H1ζ3+

138305
2592 −

1
3H2,0 +

13
4 H

−1ζ2+2H2,1,1 +
11
2 H1,0,0

+4H3,1−
43
6 H1,1,1−

109
12 ζ2−

17
3 H2,1−

71
24H1,0−

11
6 H

−2,0−
21
2 ζ3 +

3
2H1,0,0,0−H1,−2,0

+
395
54 H0−2H1,0ζ2−H1,1ζ2−

55
12H1,1,0+2H1,1,0,0 +4H1,1,1,0+2H1,1,1,1 +4H1,1,2−

55
12H1,2

+6H1,2,0+4H1,2,1 +4H1,3+3H2,1,0 +3H2,2
]

+ pgq(−x)
[23
2 H

−1ζ3+5H
−2ζ2 +2H

−2,−1,0

+
109
12 H

−1,0+H0ζ3+
17
5 ζ22+

1
6H1ζ2+2H2ζ2−

65
24H1,1−

19
2 H

−1,−1,0−4H3,0−3H2,0,0

−7H
−2,0,0−

3
2H−1,2 +

3379
216 H1−4H

−2,2−
49
6 H

−1,0,0−
11
2 H

−1,0,0,0−13H
−1,−1ζ2−8H

−1,3
−6H

−1,−1,−1,0 +12H
−1,−1,0,0+10H

−1,−1,2+10H
−1,0ζ2+5H

−1,−2,0−2H
−1,2,0−2H

−1,2,1
+
11
6 H0ζ2

]

+(1− x)
[41699
2592 −3H

−2,−1,0−
3
2H−2ζ2−

128
9 ζ2−4H3,0 +

26
3 ζ3−

5
2H−2,0,0

−7H1ζ2 +
97
12H1,0,0+

10
3 H

−1,0,0+
245
12 H3−8H0,0,0,0

]

+(1+ x)
[

4H3,1−H2,1,1 +
29
6 H

−1,2

+
17
6 H

−2,0−12H2,0−
31
12H2,1+

1
2H2,0,0−H2ζ2+

61
36H1,0−4H0ζ3−

13
3 H

−1ζ2−
46
3 H

−1,−1,0

+
25
4 H4+

93
4 H0ζ2−

55
9 H1,1−

71
18H2+

49
18H0,0−

13
2 H0,0ζ2−

47
40ζ22

]

+
6131
2592−

31
2 H

−2ζ2

−15H
−2,−1,0+

9
2H−1,0,0−3H2,1,1−

9
4H2,1 +

53
3 H

−2,0−
1
2H−2,0,0−5H2,0−

7
6H1,1,1−8H0ζ3

−

67
40ζ22 +

29
6 H

−1,2−H
−1,0 +8H

−2,2+25H0ζ2 +
412
9 H1+

928
9 H0 +

1
4H4−65H3−38H0,0

−9H
−3,0−

17
3 H0,0,0 + x

[27
2 H

−1,0−
1
2H0,0,0,0 +

3
4H0,0ζ2 +

1
2H−3,0−14H0,0,0+

1
12H1,1,1

−

43
36ζ2−

1
2H2ζ2+

7
72H0+

749
54 H1+

135
4 ζ3+

97
24H1,0 +

43
12H1ζ2−

85
12H−1ζ2−

13
3 H1,0,0

+
53
12H2+

39
4 H1,1−2H3,1 +

13
6 H

−1,−1,0 +
7
4H2,0,0−4H1,1,0−4H1,2

])

+16CFnf 2
(1
9 −

1
9
1
x

+
2
9x−

1
6xH1 +

1
6 pgq(x)

[

H1,1−
5
3H1

])

+16CF2nf
(4
9x

2[H0,0−
11
6 H0−

7
2 +H

−1,0
]

+
1
3 pgq(x)

[

H1,2−H1,0−H1ζ2+9ζ3 +
83
12H1,1+2H

−2,0−
7
36H1+2H0ζ2−

1625
48 +

3
2H1,0,0

+2H1,1,0−
5
2H1,1,1

]

+
31
18 pgq(−x)

[95
93H0−ζ2−H

−1,0
]

+
1
3(2− x)

[

6H0,0,0,0−H3−
13051
288

−

13
2 ζ3−4H

−2,0−H2,0−
1
2H1,0−

1
2H2,1+2H0,0,0−

653
24 H0,0

]

+(1+ x)
[

H0ζ2−
1187
216 H0

+
8
9H2−

85
18H−1,0−

101
18 ζ2

]

−

80
27H0 +

23
18ζ2−

1
3H1,1+

5
4xH1,1−

1
9H1−

37
12xH1 +

23
18H−1,0

+
1501
54 +H0ζ2−H0,0,0 +

101
3 H0,0−

1
3H1,0

)

+16CF3
(

pgq(x)
[

3H1,1ζ2 +3H1ζ2 +
7
2ζ2

−

23
8 H1,1−8H1ζ3−6H1,−2,0−2H1,0ζ2 +3H1,1,0−3H1,1,0,0−H1,1,1,0+2H1,1,1,1−3H1,1,2

−2H1,2,0−2H1,2,1−
9
2H1,1,1−

3
2H1,0,0−

47
16−

47
16H1−

15
2 ζ3

]

+ pgq(−x)
[

2H
−1,−2,0

+6H
−1,−1,0 +3H

−1ζ2 +
7
4H1,0−

16
5 ζ22−6H

−1,0,0−
7
2H−1,0 +4H

−1,−1,0,0−2H
−1,0ζ2

−H
−1,0,0,0

]

+(1− x)
[

9H1,0,0+H1,1,1−10H1ζ2+3H0ζ3 +H2,2−H2ζ2+H0,0,0 +5H2,0,0

−4H3+H2,1,1 +3H0,0ζ2 +3H3,1−3H4 +
211
16 H1 +

49
20ζ22

]

+(1+ x)
[

11ζ3+
1
4H1,1+

1
4H1,0

+
91
16H0+36H

−1,0+8H
−1,0,0−14H

−1,−1,0−7H
−1ζ2+2H1,2 +4H0ζ2−H2,1+2H

−2,0,0

+5H
−2,0+

11
2 H2−2H0,0,0,0

]

−2H
−1,−1,0−H

−1ζ2−
13
4 ζ2+

9
4H1,0 +

9
20ζ22+

287
32 +

11
16H1

+4H
−1,0,0+16H

−3,0−4H
−2ζ2−8H

−2,−1,0−5H2ζ2+
19
4 H2 +H2,2−

35
8 H0,0+9H0ζ3

+25H
−2,0+6H

−2,0,0 +
3
2x

[58
3 ζ2−

7
3H1ζ2+4H1,1−

3
2H1,1,1+

5
2H1,0,0−

175
96 +H3,1 +

19
3 ζ3

+2H2,0−14H0 +H0,0ζ2−H
−1,0−H4−

3
2H2,1+

1
3H2,1,1 +3H2,0,0−

5
6H3−H1,2−

7
6H0ζ2

+
2
3H1,1,0−

29
6 H0,0,0−

185
8 H0,0

])

.

P (2)gg (x) = 16CACFnf
(

x2
[4
9H2 +3H1,0−

97
12H1+

8
3H−2,0−

2
3H0ζ2+

103
27 H0−

16
3 ζ2 +2H3

−6H
−1,0 +2H2,0+

127
18 H0,0−

511
12

]

+ pgg(x)
[

2ζ3−
55
24

]

+
4
3(

1
x − x2)

[17
24H1,0−

43
18H0

−

521
144H1−

6923
432 −

1
2H2,1+2H1ζ2+H0ζ2−2H1,0,0 +

1
12H1,1−H1,1,0−H1,1,1

]

−

175
12 H2

+6H
−1,0 +8H0ζ3−6H

−2,0−
53
6 H0ζ2−

49
2 H0+

185
4 ζ2 +

511
12 −

1
2H2,0−3H1,0−4H0,0,0,0

−

67
12H0,0 +

43
2 ζ3−H2,1 +

97
12H1−4ζ22−

9
2H3−8H

−3,0 +
33
2 H0,0,0 +

4
3(

1
x + x2)

[1
2H2−H2,0

+
11
3 H

−1,0 +H
−2,0+

19
6 ζ2 +2ζ3−H

−1ζ2−4H
−1,−1,0−

1
2H−1,0,0−H

−1,2
]

+(1− x)
[

9H1ζ2

+12H0,0,0,0−
293
108 +

61
6 H0ζ2−

7
3H1,0−

857
36 H1−9H0ζ3+16H

−2,−1,0−4H
−2,0,0+8H

−2ζ2

−

13
2 H1,0,0 +

3
4H1,1−H1,1,0−H1,1,1

]

+(1+ x)
[1
6H2,0−

95
3 H

−1,0−
149
36 H2 +

3451
108 H0

−7H
−2,0 +

302
9 H0,0+

19
6 H3−

991
36 ζ2−

163
6 ζ3−

35
3 H0,0,0 +

17
6 H2,1−

43
10ζ22 +13H

−1ζ2
+18H

−1,−1,0−H3,1−6H4−4H
−1,2+6H0,0ζ2+8H2ζ2−7H2,0,0−2H2,1,0−2H2,1,1−4H3,0

−9H
−1,0,0

]

−

241
288δ(1− x)

)

+16CAnf 2
(19
54H0−

1
24xH0−

1
27 pgg(x)+

13
54(

1
x − x2)

[5
3 −H1

]

+(1− x)
[11
72H1−

71
216

]

+
2
9(1+ x)

[

ζ2+
13
12xH0−

1
2H0,0−H2

]

+
29
288δ(1− x)

)

+16CA2nf
(

x2
[

ζ3+
11
9 ζ2 +

11
9 H0,0−

2
3H3+

2
3H0ζ2+

1639
108 H0−2H

−2,0
]

+
1
3 pgg(x)

[10
3 ζ2

−

209
36 −8ζ3−2H

−2,0−
1
2H0−

10
3 H0,0−

20
3 H1,0−H1,0,0−

20
3 H2−H3

]

+
10
9 pgg(−x)

[

ζ2

+2H
−1,0 +

3
10H0ζ2−H0,0

]

+
1
3(

1
x − x2)

[

H3−H0ζ2−
13
3 H2+

5443
108 −3H1ζ2 +

205
36 H1

−

13
3 H1,0 +H1,0,0

]

+(
1
x + x2)

[151
54 H0−

8
3ζ2 +

1
3H−1ζ2−ζ3 +2H

−1,−1,0−
2
3H−1,0,0

−

37
9 H

−1,0 +
2
3H−1,2

]

+(1− x)
[5
6H−2,0+H

−3,0 +2H0,0,0−
269
36 ζ2−

4097
216 −3H

−2ζ2

−6H
−2,−1,0 +3H

−2,0,0−
7
2H1ζ2 +

677
72 H1 +H1,0+

7
4H1,0,0

]

+(1+ x)
[193
36 H2−

11
2 H

−1ζ2

+
39
20ζ22−

7
12H3−

53
9 H0,0 +

7
12H0ζ2−

5
2H0,0ζ2 +5ζ3−7H

−1,−1,0 +
77
6 H

−1,0 +
9
2H−1,0,0

+2H
−1,2−3H2ζ2−

2
3H2,0+

3
2H2,0,0 +

3
2H4

]

+
1
9ζ2 +7H

−2,0+2H2+
458
27 H0+H0,0ζ2

+
3
2ζ22 +4H

−3,0− x
[131
12 H0,0−

8
3H0ζ2 +

7
2H3−H0,0,0,0 +

7
6H0,0,0+

1943
216 H0 +6H0ζ3

]

−δ(1− x)
[233
288 +

1
6ζ2 +

1
12ζ22+

5
3ζ3

])

+16CA3
(

x2
[

33H
−2,0+33H0ζ2−

1249
18 H0,0

−44H0,0,0−
110
3 H3−

44
3 H2,0+

85
6 ζ2+

6409
108 H0

]

+ pgg(x)
[245
24 −

67
9 ζ2−

3
10ζ22 +

11
3 ζ3

−4H
−3,0 +6H

−2ζ2+4H
−2,−1,0 +

11
3 H

−2,0−4H
−2,0,0−4H

−2,2 +
1
6H0−7H0ζ3+

67
9 H0,0

−8H0,0ζ2 +4H0,0,0,0−6H1ζ3−4H1,−2,0 +10H2,0,0−6H1,0ζ2+8H1,0,0,0 +8H1,1,0,0+8H4
+
134
9 H1,0 +

11
6 H1,0,0 +8H1,2,0+8H1,3 +

134
9 H2−4H2ζ2 +8H3,1+8H2,2+

11
6 H3+10H3,0

+8H2,1,0
]

+ pgg(−x)
[11
2 ζ22−

11
6 H0ζ2−4H

−3,0 +16H
−2ζ2−12H

−2,2−
134
9 H

−1,0 +2H2ζ2
+8H

−2,−1,0 +12H
−1ζ3−18H

−2,0,0+8H
−1,−2,0−16H

−1,−1ζ2 +24H
−1,−1,0,0+16H

−1,−1,2
+18H

−1,0ζ2−16H
−1,0,0,0−4H

−1,2,0−16H
−1,3−5H0ζ3−8H0,0ζ2 +4H0,0,0,0+2H3,0

−

67
9 ζ2 +

67
9 H0,0+8H4

]

+
(1
x − x2

)[16619
162 +

22
3 H2,0−

55
2 ζ3−

11
2 H0ζ2−

67
9 H2−

67
9 H1,0

−

413
108H1−

11
2 H1ζ2+

33
2 H1,0,0

]

+11(1x + x2)
[71
54H0−

1
6H3−

389
198ζ2−

2
3H−2,0−

1
2H−1ζ2

+H
−1,−1,0−

523
198H−1,0+

8
3H−1,0,0 +H

−1,2
]

+(1− x)
[31
36H1+

27
2 H1,0−

25
2 H1,0,0−4H

−3,0

−

263
12 H0,0−

29
3 H0,0,0−

19
3 H

−2,0−
11317
108 −4H

−2ζ2−8H
−2,−1,0−12H

−2,0,0−
3
2H1ζ2

]

+(1+ x)
[27
2 H0ζ2−

43
6 H3+

29
3 H2,0+

4651
216 H0−

329
18 ζ2+

11
2 (1+ x)ζ3− 43

5 ζ22−
215
6 H

−1,0
−22H0,0ζ2−8H0ζ3−3H

−1,−1,0+38H
−1,0,0+25H

−1,2 +10H2,0,0−4H2ζ2 +16H3,0+26H4
−

158
9 H2−

53
2 H

−1ζ2
]

−29H0,0−
40
3 H0,0,0 +27H

−2,0+
41
3 H0ζ2−20H3−24H2,0+

53
6 ζ2

+
601
12 H0+24ζ3 +2ζ22+27H2−4H0,0ζ2−16H0ζ3−16H

−3,0+28xH0,0,0,0 +δ(1− x)
[79
32

−ζ2ζ3+
1
6ζ2 +

11
24ζ22 +

67
6 ζ3−5ζ5

])

+16CFnf 2
(2
9x

2[11
6 H0+H2−ζ2 +2H0,0−9

]

+
1
3H2

−

1
3ζ2−

10
3 H0−

1
3H0,0 +2+

2
9(

1
x − x2)

[8
3H1−2H1,0−H1,1−

77
18

]

− (1− x)
[1
3H1,0+

1
6H1,1

+
4
9 +

13
6 H1+ xH1

]

+
1
3(1+ x)

[68
9 H0−

4
3H2+

4
3ζ2 +

29
6 H0,0−ζ3 +2H0ζ2−H0,0,0−2H3

−H2,1−2H2,0
]

+
11
144δ(1− x)

)

+16CF2nf
(4
3x

2[163
16 +

27
8 H0+

7
2H0,0−H2,0−ζ2 +

9
4H1,0

−H2,1 +
1
2H0,0,0 +

85
16H1 +H2−2H

−2,0−
3
2ζ3

]

+
4
3(

1
x − x2)

[31
16H1−

11
16 −

5
4H1,0+

1
2H1,0,0

−H1ζ2−H1,1+H1,1,0 +H1,1,1 +ζ3
]

+
4
3(

1
x + x2)

[

H
−1ζ2 +2H

−1,−1,0−H
−1,0,0

]

+
215
12 H0,0

+
20
3 H0−

131
6 +3H2,0+

205
12 xζ2−3H1,0 +H2,1−

85
12H1+

11
4 H2+8H

−2,0 +2ζ22−H0ζ2

+H3 +6H0ζ3+8H
−3,0−4xH0,0,0 +(1− x)

[107
12 H1−

5
6H1,0−4ζ2+H0ζ3−8H

−2,−1,0

−4H
−2ζ2 +4H

−2,0,0−4H1ζ2+
7
2H1,0,0−

7
12H1,1 +H1,1,0+H1,1,1

]

+(1+ x)
[5
4H2+

33
8

−

99
4 H0,0−8H2,0−

541
24 H0−4H2,1−

3
2H0,0,0−2xζ3 +

9
2ζ22+5H0ζ2−5H3−4H

−1ζ2

−8H
−1,−1,0 +

67
3 H

−1,0+4H
−1,0,0 +2H0,0ζ2−2H0,0,0,0−4H2ζ2 +3H2,0,0+2H2,1,0

+2H2,1,1 +H3,1−2H4
]

+
1
16δ(1− x)

)

.
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CAPP 2017

History
• Seventh event in a bi-annual series (started 2005 in DESY, Zeuthen)

• Second time to be hosted in Hamburg

Program of CAPP 2017
• Introduction to Computer Algebra S.M.

• Introduction to FORM J. Vermaseren

• Mathematica, FeynArts and FormCalc and all that T. Hahn

• Introduction to the calculation of Feynman integrals P. Marquard

T. Riemann

• Introduction to differential equations O. Gituliar

http://indico.desy.de/event/CAPP2017

Sven-Olaf Moch Computer Algebra and Particle Physics – p.4



Technicalities (I)

• Support

• Elizabeth Monteiro Duarte (secretary)

• S.M.

• Work
• your equipment:

notebook with Maple, Mathematica and compilers (Fortran, C, C++)

• WLAN access: CAPP2017
WPA/WPA2-PSK: (see your folder)

• Food
• coffee breaks in Foyer
• lunch in cantine

(discount for Hamburg Univ. students: show your student ID)
• social dinner on Thursday evening 19:00 hrs at Restaurant Lambert

www.lambert-hamburg.de
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Social dinner

• Thursday evening 19:00 hrs at Restaurant Lambert
http://www.lambert-hamburg.de

• Bus No.1 (westbound) from Zum Hünengrab (DESY) to Langelohstraße
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Technicalities (II)

• Hamburg University students

• Credit points for M.Sc. course will be granted

• Eligibility for grading:
• attendance and active participation during the week

• written report (5-10 pages LATEX) on a lecture topic of your choice

(teams of two are OK)

• reports to be handed in as pdf-file by email sven-olaf.moch@desy.de

deadline: Friday, April 7th, 2017, at 18:00 hrs
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Sponsors

• Universität Hamburg

• DESY

• Helmholtz Alliance Physics at the Terascale
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