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Path-Ordered Exponentials

UIC] = Pexp —ig/dz“ Au(z)
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Path-Ordered Exponentials

UIC] = Pexp (ig/dz“ A#(2)>
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Path-Ordered Exponentials

Path-Ordering for Linear Lines

P =rt 4+ akt X A=a...b
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Feynman Rules

Wilson Line Bounded From Above
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Feynman Rules

Wilson Line Bounded From Above
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Feynman Rules

Feynman Rules for Linear Wilson Lines

1) Wilson line propagator: é = W

2) external point: k i — g

3) infinite point: zzzzz= 400 = 1 (k=0)

4) Wilson vertex: J i = —ignk (t%),;
sy a
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Feynman Rules

Wilson Line Bounded From Below

o0 . " d4k1 m X .
Uiy = 3 (~ig) /(1%4) B Akn) -+ A Alky) x - -

m=0
J m
K(G) =) km-in1 x e KT —= —
=1 Jj=1 n'K(])_”7

n—1 1 kn kn

-—

] LY k
==z +00
3?162 e g?kn,Z §?kn—l 3“{:”
Universiteit Antwerpen Piecewise Wilson Lines




Linear Wilson Lines Piece ilson Lines Methodology Making Cuts

00®@0000000

Feynman Rules

Reversals
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More Types

Up.a) = Z (—ig)m/<?;:4)m i Ak - - A(y) X -
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More Types

Finite Lines and Hermitian Conjugates
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Different Types

Semi-Infinite Lines and Path Reversals
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Relation Between A™ and B™

Relation Between A™ and B™

B"(r,n) = (—)"A™(r,n)

(kl7---7k7m)_>(km7---7k1)

(1)

|
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Relation Between A™ and B™

Relation Between A™ and B™

B™(r,n) = (=)™ A™(r,n)

(kl7---7km)_>(k3m7---7k1)

m Ak \"
TET o] oo

(absorb gluon propagators in F)
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Relation Between A™ and B™

Symmetrising the Blob

@ symmetrise F' simultaneously in k;, 1; and a;

(identical to making all crossings)
@ because all Lorentz indices are contracted with the same n*,
F'is automatically symmetric in 1;
@ interchanging k; and k; is thus same as interchanging a; and a;
@ sometimes F’ will have straightforward colour symmetry
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Relation Between A™ and B™

After Symmetrising the Blob

Easy Blob Example: 3-Gluon Vertex

B
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Non-Trivial Colour Structure

Blob With Non-Trivial Colour Structure

Foriam(ky,. .. ky) =Y COlremE oy (@, km))

perm

Factorise Out Colour

Cy = tom .. g1 0 lar--am)
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Non-Trivial Colour Structure

Blob With Non-Trivial Colour Structure

Foriam(ky,. .. ky) =Y COlremE oy (@, km))

perm
o

Factorise Out Colour

Cy = 1 ... gom Colar--am)
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Blob Example With Non-Trivial Colour Structure

m =4

Z falagxfa:aacm i (k1 ..., kq)

% 04321 : + C14231 : + 04132 :

A; 45 1A% 1G] £A1A2 T LT A3AL
zykl - t lt 7t t f f
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Blob Example With Non-Trivial Colour Structure

m=4
a102T £TA304 [
g = E FAOEFEE By (ks - - Ka)
% 4321 : 4231 : 4132 :
ap 4k 105 405 £01042 T FTA3AL __
z]kl - Clk]z = t lt kt Jt ¢ f 1a2 f 304 'L]kl
v
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Blob Example With Non-Trivial Colour Structure
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9 Piecewise Wilson Lines
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Piecewise Path-Ordered Exponentials

Wilson Line With M Segments

UM()\) A= apr .- - Ap+1

y

Result for Full Wilson Line

M
Uy = Zui]
J=1
M M K-1
Uy = U+ > uffuf
J=1 K=2J=1

v
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Piecewise Path-Ordered Exponentials

Result for Full Wilson Line

M J-1 M J-1K-1
J J Jy K
=30t + 30 3 [t +ufuf] 3 Y S ufuf
J=2K=1 J=3K=2 L=1
P
- i Jj—1—1 All terms of the form ]_[Z/IljJ
=1
=2 ({1 X i
i=1 | \J=1J;=i~3+1) ;1 suchthat > [; =m
j=1
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Piecewise Path-Ordered Exponentials

lllustration for L3
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Methodology

B Outline

e Piecewise Linear Wilson Lines: Methodology

Universiteit Antwerpen Piecewise Wilson Lines



Methodology

@®0000

Basic Diagrams
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Basic Diagrams
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Basic Diagrams
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Basic Diagrams

m=3

M J M K-1 & J) M L-1Kk-1 o2 K I
£ 5T s ST
J=1 K=2 J=1 L=3 K=2 J=1
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Basic Diagrams
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Wilson Lines Methodology

Basic Diagrams

m = 4
v o v Kt (K J) K J
> + 22 |2 +
J=1 K=2 J=1
(L K J) O L K J
M L-1K-1 M O-1L-1K-1
+ 32 D IPIDY
L=3K=2 J=1 O=4 [=3 K=2 J=1
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Path Constants

etc.

> 0,(J) Y B, (K,J) 5 2 & efc.
IRCPEIED
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1 Lines Methodology

Blob Examples

= 65 (ky — ko) Dy (k1)
W 12
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Methodology
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Blob Examples

m = .
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Blob Examples

W - gfabCDllﬁm Dﬁil’zD,ﬁzl& 9" (k1 — k2)" +cross.

Bl = e )=+
W — W B(K,J) = (—)9x+es
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Blob Examples

m =3
M M K-1 M L-1K-1
Us=> U+ > > [ufud +usu! 1+ > ) > ufufuf
J=1 K=2 J=1 L=3 K=2 J=1
M M K-1 J
— Z .%W.i_gz Z(_)¢K+¢J %ﬁﬁ)
J K J
M L-1K-1
+ Z Z (_)¢>L+¢K+¢>J L K J
L=3 K=2 J=1 27,. ? ?‘5
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Blob Example With Non-Trivial Colour Structure

ndgyie® = DS Fp (b R)

W: Cl®+02@+03®

e e e e e s
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Making Cuts

B Outline

@ Making Cuts
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Making Cuts

Final-State Cut

@ cutting happens at infinity = no momentum cut in Wilson line

@ cut line doesn’t cross segment, only between segments
= only blob is cut
@ define cut blob as sum of possible cuttings, e.g.:

e

@ denote number of segments before the cut by M,
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Making Cuts
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Expanding the Set of Basic Diagrams

l
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Making Cuts

Expanding the Set of Basic Diagrams

=

l

J K J K J

M Me K—1 M K—1 M M.
Z, H X X+ X Py LD S
Jj=1 K=2 j=1 K=Mc+2J=Mc+1 K=Mc+1J=1
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Making Cuts

Expanding the Set of Basic Diagrams
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© Example Calculations
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Example Calculation

Quadrilateral Wilson Loop

Quadrilateral Wilson Loop

a A”“ = <
ﬁ4 no \/ /\
d# —t )L> 4
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Example Calculation

Result for Light-Like Loop

Uy = O‘SSF(—WZ)G I'(l—e€)x---
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Example Calculation

Conjecture

Geometric Evolution of Light-Like Quadrilateral

( QJFB( )6> <5152>1nwv_ 3 T

cusps

Gamma cusp at NLO:

Qg g\ 2 67 w2 B
Lausp(9) = —~Cr + (?) i (CA <36 12) _Nf18>
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Example Calculation

Conjecture

lg
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Example Calculation

Reusability
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Making Cuts Example Calculation

Example

v

TMD Wilson Line Self Energy

_ =
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Example Calculation

Example

= difference only in path parameters r;,, 75, and path constants ®(.J;)!
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Vilson Lines Methodology Making Cuts Example Calculation

Conclusions

Conclusions & Outlook

@ framework to minimize number of diagrams for piecewise linear Wilson lines

@ lesser diagrams in exchange for more general (and thus more complicated)
integrals

@ only interesting for M > 2

@ clean up result & calculate higher orders

@ try framework for TMD Wilson line structure
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Example Calculation

Conclusions

Thank Youl!
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