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QCD at five loops, JHEP 03 (2017) 020 [arXiv:1701.07068].

[130] G. ’t Hooft, Dimensional regularization and the renormalization group, Nucl. Phys.
B61 (1973) 455.

[131] W.A. Bardeen, A.J. Buras, D.W. Duke and T. Muta, Deep Inelastic Scattering
Beyond the Leading Order in Asymptotically Free Gauge Theories, Phys. Rev. D18
(1978) 3998.

173

http://www.physik.uzh.ch/en/seminars/ttpseminar/HS2016.html
https://dx.doi.org/10.1016/0550-3213(81)90371-0
https://dx.doi.org/10.1016/0550-3213(81)90371-0
https://dx.doi.org/10.1016/0550-3213(83)90337-1
https://dx.doi.org/10.1016/0550-3213(74)90093-5
https://dx.doi.org/10.1016/0550-3213(74)90093-5
https://dx.doi.org/10.1016/0550-3213(81)90140-1
https://dx.doi.org/10.1016/0370-2693(93)91441-O
https://arxiv.org/abs/hep-ph/9302208
https://dx.doi.org/10.1016/S0550-3213(98)00122-9
https://arxiv.org/abs/hep-ph/9711266
https://dx.doi.org/10.1016/S0370-2693(97)00660-6
https://arxiv.org/abs/hep-ph/9703284
https://dx.doi.org/10.1016/j.nuclphysb.2005.01.011
https://arxiv.org/abs/hep-ph/0405193
https://dx.doi.org/10.1007/JHEP10(2014)076
https://arxiv.org/abs/1402.6611
https://dx.doi.org/10.1007/JHEP07(2016)127
https://arxiv.org/abs/1606.08662
https://dx.doi.org/10.1007/JHEP03(2017)020
https://arxiv.org/abs/1701.07068
https://dx.doi.org/10.1016/0550-3213(73)90376-3
https://dx.doi.org/10.1016/0550-3213(73)90376-3
https://dx.doi.org/10.1103/PhysRevD.18.3998
https://dx.doi.org/10.1103/PhysRevD.18.3998


7

[132] A.A. Vladimirov, Method for Computing Renormalization Group Functions in
Dimensional Renormalization Scheme, Theor. Math. Phys. 43 (1980) 417.

[133] K.G. Chetyrkin and F.V. Tkachov, Infrared R-operation and ultraviolet
counterterms in the MS-scheme, Phys. Lett. B114 (1982) 340.

[134] K.G. Chetyrkin and V.A. Smirnov, R∗-operation corrected, Phys. Lett. B144 (1984)
419.

[135] K.G. Chetyrkin, Combinatorics of R-, R−1-, and R∗-operations and asymptotic
expansions of feynman integrals in the limit of large momenta and masses,
arXiv:1701.08627.

[136] K.G. Chetyrkin, Correlator of the quark scalar currents and Γtot(H → hadrons) at
O(α3

s ) in pQCD, Phys. Lett. B390 (1997) 309 [hep-ph/9608318].

[137] K.G. Chetyrkin, Corrections of order α3
s to Rhad in pQCD with light gluinos, Phys.

Lett. B391 (1997) 402 [hep-ph/9608480].

[138] M. Misiak and M. Munz, Two loop mixing of dimension five flavor changing
operators, Phys. Lett. B344 (1995) 308 [hep-ph/9409454].

[139] K.G. Chetyrkin and A. Retey, Three loop three linear vertices and four loop similar
to MOM beta functions in massless QCD, hep-ph/0007088.

[140] W. Celmaster and R.J. Gonsalves, The Renormalization Prescription Dependence of
the QCD Coupling Constant, Phys. Rev. D20 (1979) 1420.

[141] J.S. Ball and T.W. Chiu, Analytic Properties of the Vertex Function in Gauge
Theories. 2., Phys. Rev. D22 (1980) 2550 [Erratum ibid. D23 (1981) 3085].

[142] P. Pascual and R. Tarrach, Slavnov-Taylor Identities in Weinberg’s Renormalization
Scheme, Nucl. Phys. B174 (1980) 123 [Erratum ibid. B181 (1981) 546].

[143] E. Braaten and J.P. Leveille, Minimal Subtraction and Momentum Subtraction in
QCD at Two Loop Order, Phys. Rev. D24 (1981) 1369.

[144] A.I. Davydychev, P. Osland and O.V. Tarasov, Three gluon vertex in arbitrary
gauge and dimension, Phys. Rev. D54 (1996) 4087 [Erratum ibid. D59 (1999)
109901] [hep-ph/9605348].

[145] A.I. Davydychev, P. Osland and L. Saks, Quark mass dependence of the one loop
three gluon vertex in arbitrary dimension, JHEP 08 (2001) 050 [hep-ph/0105072].

[146] M. Binger and S.J. Brodsky, The Form-factors of the gauge-invariant three-gluon
vertex, Phys. Rev. D74 (2006) 054016 [hep-ph/0602199].

[147] A.I. Davydychev, P. Osland and O.V. Tarasov, Two loop three gluon vertex in zero
momentum limit, Phys. Rev. D58 (1998) 036007 [hep-ph/9801380].

174

https://dx.doi.org/10.1007/BF01018394
https://dx.doi.org/10.1016/0370-2693(82)90358-6
https://dx.doi.org/10.1016/0370-2693(84)91291-7
https://dx.doi.org/10.1016/0370-2693(84)91291-7
https://arxiv.org/abs/1701.08627
https://dx.doi.org/10.1016/S0370-2693(96)01368-8
https://arxiv.org/abs/hep-ph/9608318
https://dx.doi.org/10.1016/S0370-2693(96)01478-5
https://dx.doi.org/10.1016/S0370-2693(96)01478-5
https://arxiv.org/abs/hep-ph/9608480
https://dx.doi.org/10.1016/0370-2693(94)01553-O
https://arxiv.org/abs/hep-ph/9409454
https://arxiv.org/abs/hep-ph/0007088
https://dx.doi.org/10.1103/PhysRevD.20.1420
https://dx.doi.org/10.1103/PhysRevD.22.2550
https://dx.doi.org/10.1103/PhysRevD.23.3085
https://dx.doi.org/10.1016/0550-3213(80)90193-5
https://dx.doi.org/10.1016/0550-3213(81)90540-X
https://dx.doi.org/10.1103/PhysRevD.24.1369
https://dx.doi.org/10.1103/PhysRevD.54.4087
https://dx.doi.org/10.1103/PhysRevD.59.109901
https://dx.doi.org/10.1103/PhysRevD.59.109901
https://arxiv.org/abs/hep-ph/9605348
https://dx.doi.org/10.1088/1126-6708/2001/08/050
https://arxiv.org/abs/hep-ph/0105072
https://dx.doi.org/10.1103/PhysRevD.74.054016
https://arxiv.org/abs/hep-ph/0602199
https://dx.doi.org/10.1103/PhysRevD.58.036007
https://arxiv.org/abs/hep-ph/9801380


7

[148] A.I. Davydychev and P. Osland, On-shell two loop three gluon vertex, Phys. Rev.
D59 (1999) 014006 [hep-ph/9806522].

[149] A.I. Davydychev, P. Osland and L. Saks, Quark gluon vertex in arbitrary gauge
and dimension, Phys. Rev. D63 (2001) 014022 [hep-ph/0008171].

[150] K.G. Chetyrkin and T. Seidensticker, Two loop QCD vertices and three loop MOM
beta functions, Phys. Lett. B495 (2000) 74 [hep-ph/0008094].

[151] J.A. Gracey, Two loop QCD vertices at the symmetric point, Phys. Rev. D84 (2011)
085011 [arXiv:1108.4806].

[152] J.A. Gracey, Off-shell two-loop QCD vertices, Phys. Rev. D90 (2014) 025014

[arXiv:1406.0649].

[153] L. von Smekal, K. Maltman and A. Sternbeck, The Strong coupling and its
running to four loops in a minimal MOM scheme, Phys. Lett. B681 (2009) 336

[arXiv:0903.1696].
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Multiloop QCD, Nucl. Part. Phys. Proc. 261-262 (2015) 3 [arXiv:1501.06739].

[160] N.H. Christ, B. Hasslacher and A.H. Mueller, Light cone behavior of perturbation
theory, Phys. Rev. D6 (1972) 3543.

[161] W.H. Furry, A Symmetry Theorem in the Positron Theory, Phys. Rev. 51 (1937) 125.

[162] C.G. Callan, Broken scale invariance in scalar field theory, Phys. Rev. D 2 (Oct,
1970) 1541, https://link.aps.org/doi/10.1103/PhysRevD.2.1541.

[163] K. Symanzik, Small distance behaviour in field theory and power counting,
Communications in Mathematical Physics 18 (1970) 227,
http://dx.doi.org/10.1007/BF01649434.

175

https://dx.doi.org/10.1103/PhysRevD.59.014006
https://dx.doi.org/10.1103/PhysRevD.59.014006
https://arxiv.org/abs/hep-ph/9806522
https://dx.doi.org/10.1103/PhysRevD.63.014022
https://arxiv.org/abs/hep-ph/0008171
https://dx.doi.org/10.1016/S0370-2693(00)01217-X
https://arxiv.org/abs/hep-ph/0008094
https://dx.doi.org/10.1103/PhysRevD.84.085011
https://dx.doi.org/10.1103/PhysRevD.84.085011
https://arxiv.org/abs/1108.4806
https://dx.doi.org/10.1103/PhysRevD.90.025014
https://arxiv.org/abs/1406.0649
https://dx.doi.org/10.1016/j.physletb.2009.10.030
https://arxiv.org/abs/0903.1696
https://dx.doi.org/10.1142/S0217732316300238
https://dx.doi.org/10.1007/JHEP07(2015)140
https://arxiv.org/abs/1506.02674
https://dx.doi.org/10.1016/j.nuclphysbps.2006.09.031
https://dx.doi.org/10.1016/j.nuclphysbps.2006.09.031
https://dx.doi.org/10.1016/j.nuclphysb.2012.03.006
https://arxiv.org/abs/1112.3954
https://arxiv.org/abs/1411.1331
https://dx.doi.org/10.1016/j.nuclphysbps.2015.03.002
https://arxiv.org/abs/1501.06739
https://dx.doi.org/10.1103/PhysRevD.6.3543
https://dx.doi.org/10.1103/PhysRev.51.125
https://dx.doi.org/10.1103/PhysRevD.2.1541
https://dx.doi.org/10.1103/PhysRevD.2.1541
https://link.aps.org/doi/10.1103/PhysRevD.2.1541
https://dx.doi.org/10.1007/BF01649434
http://dx.doi.org/10.1007/BF01649434


7

[164] V.N. Gribov and L.N. Lipatov, Deep inelastic e p scattering in perturbation theory,
Sov. J. Nucl. Phys. 15 (1972) 438.

[165] Y.L. Dokshitzer, Calculation of the Structure Functions for Deep Inelastic Scattering
and e+ e- Annihilation by Perturbation Theory in Quantum Chromodynamics., Sov.
Phys. JETP 46 (1977) 641.

[166] G. Altarelli and G. Parisi, Asymptotic Freedom in Parton Language, Nucl. Phys.
B126 (1977) 298.

[167] W. Furmanski and R. Petronzio, Lepton - Hadron Processes Beyond Leading Order
in Quantum Chromodynamics, Z. Phys. C11 (1982) 293.

[168] V.N. Velizhanin, Three loop anomalous dimension of the non-singlet transversity
operator in QCD, Nucl. Phys. B864 (2012) 113 [arXiv:1203.1022].

[169] G.P. Korchemsky, Asymptotics of the Altarelli-Parisi-Lipatov Evolution Kernels of
Parton Distributions, Mod. Phys. Lett. A4 (1989) 1257.

[170] S. Albino and R.D. Ball, Soft resummation of quark anomalous dimensions and
coefficient functions in MS-bar factorization, Phys. Lett. B513 (2001) 93

[hep-ph/0011133].

[171] Yu.L. Dokshitzer, G. Marchesini and G.P. Salam, Revisiting parton evolution and
the large-x limit, Phys. Lett. B634 (2006) 504 [hep-ph/0511302].

[172] J. Henn, A.V. Smirnov, V.A. Smirnov, M. Steinhauser and R.N. Lee, Four-loop
photon quark form factor and cusp anomalous dimension in the large-Nc limit of
QCD, arXiv:1612.04389.

[173] D.A. Akyeampong and R. Delbourgo, Dimensional regularization, abnormal
amplitudes and anomalies, Nuovo Cim. A17 (1973) 578.

[174] S.A. Larin, The Renormalization of the axial anomaly in dimensional regularization,
Phys. Lett. B303 (1993) 113 [hep-ph/9302240].

[175] S. Moch, J.A.M. Vermaseren and A. Vogt, On γ5 in higher-order QCD
calculations and the NNLO evolution of the polarized valence distribution, Phys. Lett.
B748 (2015) 432 [arXiv:1506.04517].

[176] P.A. Baikov, K.G. Chetyrkin, J.H. Kuhn and J. Rittinger, Complete O(α4
s ) QCD

Corrections to Hadronic Z-Decays, Phys. Rev. Lett. 108 (2012) 222003

[arXiv:1201.5804].

[177] T. Kinoshita, Mass singularities of Feynman amplitudes, J. Math. Phys. 3 (1962)
650.

[178] T.D. Lee and M. Nauenberg, Degenerate Systems and Mass Singularities, Phys.
Rev. 133 (1964) B1549.

176

https://dx.doi.org/10.1016/0550-3213(77)90384-4
https://dx.doi.org/10.1016/0550-3213(77)90384-4
https://dx.doi.org/10.1007/BF01578280
https://dx.doi.org/10.1016/j.nuclphysb.2012.06.010
https://arxiv.org/abs/1203.1022
https://dx.doi.org/10.1142/S0217732389001453
https://dx.doi.org/10.1016/S0370-2693(01)00742-0
https://arxiv.org/abs/hep-ph/0011133
https://dx.doi.org/10.1016/j.physletb.2006.02.023
https://arxiv.org/abs/hep-ph/0511302
https://arxiv.org/abs/1612.04389
https://dx.doi.org/10.1007/BF02786835
https://dx.doi.org/10.1016/0370-2693(93)90053-K
https://arxiv.org/abs/hep-ph/9302240
https://dx.doi.org/10.1016/j.physletb.2015.07.027
https://dx.doi.org/10.1016/j.physletb.2015.07.027
https://arxiv.org/abs/1506.04517
https://dx.doi.org/10.1103/PhysRevLett.108.222003
https://arxiv.org/abs/1201.5804
https://dx.doi.org/10.1063/1.1724268
https://dx.doi.org/10.1063/1.1724268
https://dx.doi.org/10.1103/PhysRev.133.B1549
https://dx.doi.org/10.1103/PhysRev.133.B1549


7

[179] C.G. Bollini and J.J. Giambiagi, Dimensional Renormalization: The Number of
Dimensions as a Regularizing Parameter, Nuovo Cim. B12 (1972) 20.

[180] G. ’t Hooft and M.J.G. Veltman, Regularization and Renormalization of Gauge
Fields, Nucl. Phys. B44 (1972) 189.

[181] A.V. Kotikov, Differential equations method: New technique for massive Feynman
diagrams calculation, Phys. Lett. B254 (1991) 158.

[182] T. Gehrmann and E. Remiddi, Differential equations for two loop four point
functions, Nucl. Phys. B580 (2000) 485 [hep-ph/9912329].

[183] J.M. Henn, Multiloop integrals in dimensional regularization made simple, Phys.
Rev. Lett. 110 (2013) 251601 [arXiv:1304.1806].

[184] V.A. Smirnov, Analytical result for dimensionally regularized massless on shell
double box, Phys. Lett. B460 (1999) 397 [hep-ph/9905323].

[185] J.B. Tausk, Nonplanar massless two loop Feynman diagrams with four on-shell legs,
Phys. Lett. B469 (1999) 225 [hep-ph/9909506].

[186] C. Anastasiou and A. Daleo, Numerical evaluation of loop integrals, JHEP 10
(2006) 031 [hep-ph/0511176].

[187] M. Czakon, Automatized analytic continuation of Mellin-Barnes integrals, Comput.
Phys. Commun. 175 (2006) 559 [hep-ph/0511200].

[188] T. Binoth and G. Heinrich, An automatized algorithm to compute infrared divergent
multiloop integrals, Nucl. Phys. B585 (2000) 741 [hep-ph/0004013].

[189] M. Roth and A. Denner, High-energy approximation of one loop Feynman integrals,
Nucl. Phys. B479 (1996) 495 [hep-ph/9605420].

[190] K. Hepp, Proof of the Bogolyubov-Parasiuk theorem on renormalization, Commun.
Math. Phys. 2 (1966) 301.

[191] E. Panzer, On hyperlogarithms and Feynman integrals with divergences and many
scales, JHEP 03 (2014) 071 [arXiv:1401.4361].

[192] A. von Manteuffel, E. Panzer and R.M. Schabinger, A quasi-finite basis for
multi-loop Feynman integrals, JHEP 02 (2015) 120 [arXiv:1411.7392].

[193] N.N. Bogoliubov and O.S. Parasiuk, On the Multiplication of the causal function
in the quantum theory of fields, Acta Math. 97 (1957) 227.

[194] W. Zimmermann, Convergence of Bogolyubov’s method of renormalization in
momentum space, Commun. Math. Phys. 15 (1969) 208.

[195] W.E. Caswell and A.D. Kennedy, A simple approach to renormalization theory,
Phys. Rev. D25 (1982) 392.

177

https://dx.doi.org/10.1007/BF02895558
https://dx.doi.org/10.1016/0550-3213(72)90279-9
https://dx.doi.org/10.1016/0370-2693(91)90413-K
https://dx.doi.org/10.1016/S0550-3213(00)00223-6
https://arxiv.org/abs/hep-ph/9912329
https://dx.doi.org/10.1103/PhysRevLett.110.251601
https://dx.doi.org/10.1103/PhysRevLett.110.251601
https://arxiv.org/abs/1304.1806
https://dx.doi.org/10.1016/S0370-2693(99)00777-7
https://arxiv.org/abs/hep-ph/9905323
https://dx.doi.org/10.1016/S0370-2693(99)01277-0
https://arxiv.org/abs/hep-ph/9909506
https://dx.doi.org/10.1088/1126-6708/2006/10/031
https://dx.doi.org/10.1088/1126-6708/2006/10/031
https://arxiv.org/abs/hep-ph/0511176
https://dx.doi.org/10.1016/j.cpc.2006.07.002
https://dx.doi.org/10.1016/j.cpc.2006.07.002
https://arxiv.org/abs/hep-ph/0511200
https://dx.doi.org/10.1016/S0550-3213(00)00429-6
https://arxiv.org/abs/hep-ph/0004013
https://dx.doi.org/10.1016/0550-3213(96)00435-X
https://arxiv.org/abs/hep-ph/9605420
https://dx.doi.org/10.1007/BF01773358
https://dx.doi.org/10.1007/BF01773358
https://dx.doi.org/10.1007/JHEP03(2014)071
https://arxiv.org/abs/1401.4361
https://dx.doi.org/10.1007/JHEP02(2015)120
https://arxiv.org/abs/1411.7392
https://dx.doi.org/10.1007/BF02392399
https://dx.doi.org/10.1007/BF01645676
https://dx.doi.org/10.1103/PhysRevD.25.392


7

[196] D. Kreimer, On the Hopf algebra structure of perturbative quantum field theories,
Adv. Theor. Math. Phys. 2 (1998) 303 [q-alg/9707029].

[197] A. Connes and D. Kreimer, Renormalization in quantum field theory and the
Riemann-Hilbert problem. 1. The Hopf algebra structure of graphs and the main
theorem, Commun. Math. Phys. 210 (2000) 249 [hep-th/9912092].

[198] K.G. Chetyrkin, A.L. Kataev and F.V. Tkachov, Five Loop Calculations in the gφ4

Model and the Critical Index η, Phys. Lett. B99 (1981) 147.

[199] S.G. Gorishnii, S.A. Larin, F.V. Tkachov and K.G. Chetyrkin, Five Loop
Renormalization Group Calculations in the gφ4 in Four-dimensions Theory, Phys.
Lett. B132 (1983) 351.

[200] H. Kleinert, J. Neu, V. Schulte-Frohlinde, K.G. Chetyrkin and S.A. Larin, Five
loop renormalization group functions of O(n) symmetric phi**4 theory and epsilon
expansions of critical exponents up to epsilon**5, Phys. Lett. B272 (1991) 39

[hep-th/9503230].

[201] M. Kompaniets and E. Panzer, Renormalization group functions of φ4 theory in the
MS-scheme to six loops, PoS LL2016 (2016) 038 [arXiv:1606.09210].

[202] D.V. Batkovich, K.G. Chetyrkin and M.V. Kompaniets, Six loop analytical
calculation of the field anomalous dimension and the critical exponent η in
O(n)-symmetric ϕ4 model, Nucl. Phys. B906 (2016) 147 [arXiv:1601.01960].

[203] P.A. Baikov, K.G. Chetyrkin and J.H. Kühn, Vector Correlator in Massless QCD
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