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Wilson loops:

required for gauge invariance of non-local objects

U(z2) O = \I’(CIIl)WC[iEl,CEg]\i’(Q?Q)
%@[m,m] Welry, o] = Peleo @ A”
V(1) P: path ordering

contain local operators

ﬁ ~14+c"F,, +...

gauge dynamics - Wilson loops of arbitrary shapes
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QCD and supersymmetric Yang-Mills theories

* technically very similar
* elegant supersymmetry methods

e.g. all Yang-Mills tree amplitudes Drummond, JMH 2008
Dixon, Plefka, JMH, Schuster, 2010

Dual conformal / Yangian symmetry

Understanding of structure of Yang-Mills
Exactly solvable gauge theory in four dimensions?
Dualities with string theories
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AdS/CFT correspondence

dual string theory
description on AdS_5

Ei ) Wilson loop W|C]
A

° / ° °
Feynman diagrams minimal surface
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Qutline of talk

* |[ntroduction: cusped anomalous dimension I'cysp
and physical motivation

* Part |: Exact result at small angles

* Part 2: Three-loop result,
new limit, Schrodinger problem

* Part 3: relation to Regge limit of massive amplitudes
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Cusp anomalous dimension

Wilson loop with cusp )
_ Pq 1
cos(¢) =

VD3 4 N

I'cusp  governs ultraviolet (UV) divergences at cusp

Polyakov; Brandt, Neri, Sato
/fﬂ% Korchemsky & Radyushkin '87

()~ 11 B P

similar to anomalous dimensions of composite operators
L eusp (0, A, N) A =gy N
cusp\ ¥y 7\ — 9y M
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Physical relevance of 1'¢ysp

* |R divergences of massive amplitudes

A ~ e ogprr| leusp

Korchemsky, Radyushkin;
Becher, Neubert

See Magnea’s talk

resummation of soft divergences
* similarly for massive form factors (e.g Isgur-Wise)
Ml

y massless 3-loop form factors:
see Huber’s talk

M
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Limits and relations of Tcusp(9)

* vanishes at zero angle Ceusp(@=0,2) =0
(straight line)

* quark-antiquark potential §=m — ¢ 0 K 1
C

Leusp ~ 5 - _—
e anomalous dimensions li_>m L eusp (10, A) ~ © Yeusp (A)
: v .~ to Beisert
of large spin operators o e o o

integrability!

Oy ~Te(ZD’Z), d=2+J+~(J,\
lim ~(J, A) ~ 1og J Yeusp(A)

J—00
J-M.Henn, IAS

Monday, April 16, 12



Wilson loops in supersymmetric theories

O P
* loop couples to scalars 17 (Pel 454" &utdsni®?y

. : Maldacena; Rey
six scalars @

* path-dependent coupling

cos(¢) = —a

cos(@) =n-n', n*=n*=1

e.g. n=(1,0,0,0,0,0), n' = (cos(h),sin(d),0,0,0,0)
Ceusp(9, 0, A, N)

* supersymmetry I'cusp(¢ ==+0) =0 Zarembo
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Qutline of talk

* |[ntroduction: cusped anomalous dimension I'cysp
and physical motivation

* Part |: Exact result at small angles

* Part 2: Three-loop result,
new limit, Schrodinger problem

* Part 3: relation to Regge limit of massive amplitudes
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Partl: Exact result forl'. s at small angles
Do (6 = £6) = 0 o Mt o
Ceusp = (¢° — 02)H (¢, \,N) + . ..
e let us start with B(A,N) = H(0,\, N)

* need the coefficient of 6#?: insertion of scalars
A\, N
(OO ine =
tl t2

* idea: obtain (A, V) from known circular Wilson loop!

Final result:

12(\F) 2
B — —= I 1 N ‘modified Bessel function
47r2f (\f)\) 0( / ) I, :modified Bessel funct
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Exact result interpolating between
weak and strong coupling!

Correa, JMH, Maldacena, Sever

“Bremsstrahlung function” B()\), A =g¢5,N
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B())
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_____ VA _ 3
472 8m?
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A
(exact N dependence also known)
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First deviation from supersymmetric case:

Correa, JMH, Maldacena, Sever

Censp = (7 — 0°)H (9, A\, N) +

H obtained by similar methods
relating it to Wilson loops on S/2

2% .
— =B, A=A1-

ﬂ-2

H(¢7 )‘) —

Comments:
* perturbatively, H is a polynomial in ¢,

* strong coupling H =

agrees with formula extracted from
2 \/1 Drukker, Forini
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Part 2 : structure of perturbative
results and ladder limit

9 T orrea, , I'1aldacena, Sever
e full 3-loop result;  ¢= B0 0%¢ s RS
sin @
Fcusp = A €¢
+ A% [€o(n? — o) + & (Lis(e*?) +...)]
+ X% [Ep(m® — ¢°)* + &% (Lis(e¥?) +...) + & (HPL(e”?) +...)]
* uniform transcendentality ranscendenealiy princile (KLOV)
¢ =1logx Li, (x / —Lln 1(y) Lll(aj) = —log(1 — x)
1 1
HPL: harmonic polylogarlthms kernels ; = 14y

* linear in £ - exactly known

* highest term \“¢" from new limit 8 — 8, 6 —

limit selects ladders
J.-M.Henn, IAS
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Ladders limit

Correa, JMH, Maldacena, Sever

* highest term \“¢" from new limit 9 —» i, 6 — oo

limit selects ladders

Bethe-Salpeter equation

® l'cusp from ground-state energy of Schrodinger problem

—H?

T

A

1

8712 cosh z

U(x) =

COS @

2
N 16) A~ AE

4

e exactly solvable for zero angle (Poschl-Teller)

* iterative solution in coupling, or angle

e humerical solution
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Part 3 : Relation to Regge limit of
massive amplitudes in N=4 SYM

* massive scattering amplitudes in N=4 SYM
gauge theory

Higgs mechanism S—
® — (D) + ¢ amtim ff////:é;%é M D
U(N + M) — U(N) x U(M
— U(N) X U(l)M z=0 / N D3-branes
(a)

Alday, JMH, Plefka, Schuster

A @/A
( A
Yi — 35 Y, — (xuamz’)
Y
b opn 2 | N2
P; = 4; — L4 P; — —(mz — mz+1)
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 dual conformal symmetry  s= (p1 +p2)® t=(p2+p3)’

M4(8, t; m1, Mo, M3, m4) — M(u, ’U) Alday, ]MH, Plefka, Schuster
Yy mims Y MMy
s+ (m1 —m3)?’ t + (mg — myg)?
* relates two different physical pictures i Nacuiich, spradiin, Schuster
;\ Jfrrro' M_n\\wwwﬁ_m
m m M K M
A \/\/\/\/\6\/\/\/\/\
m m M M
ijrr m Lﬂ\g M_V\N\/\Ww_m
m2 m?2 m2 M2
(CL) uz?ﬂva (b)' ’U,:?,’U:T
e u K 1: Regge limit soft IR divergences,

" 'Bhabha-scattering”

M(ru” ru) ~J elOgUFCUSP()‘!(p)
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Summary and discussion
Feusp (¢, 0, A, N) is interesting physical quantity
* exact result for small angles

e full three-loop result

* new limit that selects ladders; Schrodinger problem

* relation to Regge limit of massive amplitudes

* QCD result at three loops!?
* systematics of £ = (cosf — cos¢)/sin¢ expansion

o TBA equations fr‘om integrability Correa, Maldacena, Sever; Drukker
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Known circular Wilson loops

e circular Wilson loop known Eicksson
]- )\ Y Zarembo,

W . l — _Ll - em A — g2 N FukKKer,

( e e> N Al 1( 4N) ’ X0l I:)Grlolss |

L: modified Laguerre polynomial Pestun

* loop with non-trivial scalar profile also known  orer
Ricci,

simple replacement (!) X\ — X\(1 — cos?6) e

* expansion in § determines (A, V)

Qtz (@ (t1)®(2)))circle = 2(1 —ﬁi:(o);(;:)— t2))

tl

: 1
Final result: B = — A0\ log(Weircie)

27
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