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1 paper where all three of us are co-authors
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Loops — conventions — automatization IT

m 1992,1993: inofficial PhD supervisor
® “most correct QCD Feynman rules”
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Loops — conventions — automatization AT

Karlsruhe Institute of Technology.

a 1992,1993: inofficial PhD supervisor
[ most correct QCD Feynman rules”
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® “most correct QCD Feynman rules”
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a imaginary unit / in loop integrals
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Loops — conventions — automatization IT

1992,1993: inofficial PhD supervisor
“most correct QCD Feynman rules”

many blackboard discussions ....

imaginary unit / in loop integrals
1996: Karlsruhe — MPI Munich
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GEFICOM
m 1996: Karlsruhe — MPI Munich

Matthias

GEFICOM

automatic GEneration, FInding topologies and COMputation of

Feynman diagrams
HUMAN COMPUTER

Problem
Specification
Problem dependent
Input Files

Command
"dog2f -p <prb> - | <loops>"
Command
“do<prb> - | <loops>"

Database of all diagrams
with all administrative (make -) files

Summation of all diagrams
with FORM program

File 1 results

Renormalization N
: n unrenormalised forr

Writing the article
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GEFICOM

m 1996: Karlsruhe — MPI Munich

Matthias

GEFICOM

ic G i Flnding logies and CO) ion of

Feynman diagrams

HUMAN COMPUTER
Specification

Problem dependent
Input Files

Command
“d0g2f -p <prb> - | <loops>"

Command
“do<prb> - | <loops>"

FindTop.

—
Y,

Database of all diagrams
with all administrative (make -) files

Summation of all diagrams
with FORM program

File with results
(in unrenormalised form)

Writing the article
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First application: gluon-Higgs vertex KIT

[Chetyrkin,Kniehl,Steinhauser98]

w Leg=-2Ch(Guw)?

a 3-loop tadpoles

a “many” Feynman diagrams
w LET: Cy = - +2—(,,

_E Olog m;

> Gluon-Higgs coupling to 4 loops, N3LO in 1998
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Asymptotic expansion A\[{

Karlsruhe Institute of Te

[Davies,Herren,Steinhauser'19]. ..

me>>my @::g
- —_— - * --- + -- * ===

a automated nested Euclidian asymptotic expansion: exp

[Harlander,Seidensticker,Steinhauser'97;Seidensticker'97]
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Asymptotic expansion A\[{

Karlsruhe Institute of Te

[Davies,Herren,Steinhauser'19]. ..

mi>my é::i
- —_— - * --- + - * ===
" @: ’ —__%

a automated nested Euclidian asymptotic expansion: exp

[Harlander,Seidensticker,Steinhauser'97;Seidensticker'97]

Without Kostja — no exp
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Loops — expansions — more loops ﬂ(“

a > 2000 Hamburg

a N3LO Hamiltonian for Potential NRQCD [Kniehl,Penin,Smirnov,Steinhauser'02]
...and many applications

a Mercator professorship
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a > 2000 Hamburg

a N3LO Hamiltonian for Potential NRQCD [Kniehl,Penin,Smirnov,Steinhauser'02]
...and many applications

Mercator professorship

> 2004 Karlsruhe

annual visits

Static potential: 2008.. ..,2009,. ..,2016 (Lee smimovsmimov Steinhauser]

JOlAc(
T, M

>
e kM
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Loops — expansions — more loops ﬂ(“

® 2013: Forschungspreis der Alexander von Humboldt-Stiftung
(KIT + Humboldt University Berlin)
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Loops — expansions — more loops ﬂ(“

® 2013: Forschungspreis der Alexander von Humboldt-Stiftung

(KIT + Humboldt University Berlin)
® 4-loop MS-on-shell relation W w

[Marquard,Smirnov,Smirnov,Steinhauser, Wellmann'15'16]
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Loops — expansions — more loops ﬂ(“

stitute of Technology

® 2013: Forschungspreis der Alexander von Humboldt-Stiftung

(KIT + Humboldt University Berlin)
® 4-loop MS-on-shell relation W w

[Marquard,Smirnov,Smirnov,Steinhauser, Wellmann'15'16]

® massive 3-loop form factor
m massless 4-loop form factor

[Henn,Lee,Smirnov,Smirnov,Steinhauser, 16.. . ., + von Manteuffel, Schabinger21]
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4-loop form factor

Karlsruhe Institute of Technology

[...; Henn,Smirnov,Smirnov,Steinhauser’16; von Manteuffel,Schabinger'16’19; Henn,Lee,Smirnov,Smirnov,Steinhauser’'16;
Lee,Smirnov,Smirnov,Steinhauser’'17°19; von Manteuffel,Panzer,Schabinger'20;

Lee,von Manteuffel,Schabinger,Smirnov,Smirnov,Steinhauser'21; .. .]
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4-loop form factor A“(IT

ftute of Technology

qa @ reduction: FIRE (a. smimov,
LiteRed [Leq
= Mis: ¢° £ 0 and
9% =(q+q)?=0
qz/ N m integrals simple if g3 = ¢°
® idea: introduce arbitray g5 = differential equations  ienn smimovsminov14
= boundary conditions: g2 = ¢°
m use canonical basis [Henn'13'14] [Lee'14] [Gituliar,Magerya'16; Meyer'16; Prausa'17]
solution: iterated integrals = harmonic polylogarithms (HPLSs)
[Remiddi,Vermaseren’99][Maitre’05]
w g2 -0 (B/P)* extract term with a =0
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4-loop form factor ... more details

= 76 Mls

g2 # 0> 332 Mls
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IT



4-loop form factor ... more details ﬂ(“

q

> 76 Mls
g5 # 0> 332 Mls x=0q2/q

/ \

q2
primary basis canonical basis
f=T-g lLee'14) g (x,€) = €A(x) - g(x,€)
f(x,€) — a b

A(X) =5 + sy
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4-loop form factor ... more details

primary basis

f=T-g [Lee'14]
f(x,e) ——

canonical basis

gl(Xae) = €A(X) -g(X,E)

A(x) =2+ -2

solve in terms of HPLs
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4-loop form factor ... more details ﬂ(“

primary basis canonical basis

f f=T-g [Lee'14) g'(x,€) =€eA(x) - g(x,e)
X, -
(x;€) A(x) =2+ -2

solve in terms of HPLs
boundary conditions for x = 1:
4-loop
2-point functions

[Baikov,Chetyrkin,Kiihn'05'08;. . . ;
Lee,Smirnov,Smirnov’11]
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4-loop form factor ... more details AT

ftute of Technology

primary basis canonical basis
P N ELE RO
X, € _—
A(x) =2+ %

solve in terms of HPLs
boundary conditions for x = 1:

get x = 0 result (“naive”):

1. gx—»0 = X@h(€)  a: 332 x 332 matrix
> x€@ is 332 x 332 matrix; each element is linear
combination of x¢ terms with k < 0
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4-loop form factor ... more details ﬂ(“

primary basis canonical basis

f=T-g [Lee'14]
f(x,€) s g(x,e)

solve in terms of HPLs
boundary conditions for x = 1:

get x = 0 result (“naive”):
1. gx—0 = X“?h(e)

2. expand HPLs for x - 0
match 1. and 2.

> h(e)

> get x°¢ terms = “naive”
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4-loop form factor ... more details ﬂ(“

primary basis canonical basis
f=T-g [Lee'14]

f(x,€) _ g(x,€)

solve in terms of HPLs
boundary conditions for x = 1:

get x = 0 result (“naive”):
1. gx—0 = X“?h(e)

f=T-g 2. expand HPLs for x — 0
f(0,¢) —
match 1. and 2.
> h(e)
332 Mis > get x%¢ terms = “naive”
|
76 Mls
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+ contributions without closed fermion loop.
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[Lee,von Manteuffel,Schabinger,Smirnov,Smirnov,Steinhauser’21]



Congratulations
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