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Abstract: | review how N=4 SYM can be reformulated as a theory on twistor space, and explain various calculations that have been performed there.
In particular, twistors turn out to be a powerful tool for investigating the duality between scattering amplitudes and null polygonal Wilson Loops in
the planar limit. The BCFW recursion relations are interpreted as the loop equations for a supersymmetric generalization of the Wilson Loop.
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INntroduction

ey e Rl g i i R Ty AL e SRt S T a2y T i e e ey i i T
wistor methods have proved useful in a2 vanety of calculations in 4d gauge theones.
here are twa main reasaons far this;
s

Twistor space carries a natural action of the space-time conformal group

The twistor data for scattering processes / null polygonal Wilson Loops is
unconstrained
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INntroduction

Tk ey Al o o [ I e L iy PIRT SHORREPL mp PRy T Y P FERTN (i JF - o] Rz S
WIStor methods nave proved useiul in a vanety of calculatons in 4d gauge theanes.

nere are two main reasons far this:

o
Twistor space carries a natural action of the space-time conformal group
The twistor data for scattering processes / null poiygonal Wiilson Loops is
unconstrained

5
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INntroduction

wistor methods have proved useful in a2 vanety of calculations in 4d gauge theones
There are bwc main reasors for this:
' ™
Twistor space carries a natural action of the space-time conformal group
The twistor data for scattering processes / null poiygonal Wiison Loops is
unconstrained
\_ Y,
In this talk. | will review how we can take advantage of these features by reformulating N = 18SYMin
twistor space. particularly in the context of the duaiity between scattering amoplitudes and rull peivgoenal
Wilscn Locps
' ™
Woaorking in twistor space immediately allows us to generalize this duality
beyond MHV ampiitudes
It aiso provides insight into why the duality holds at all
N J
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Basic twistor geometry

R e S o e B e U D S A B | i e &
wistor space is acopy of TEF? with homogeneous coordinates 2" = ( A.. i

The (coamplexified) soace-time conformal group SL(4. =) acts via the generators J*, = Z“

OZh
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Basic twistor geometry

3 with homageneous cocrdinates Z% = (. 1) _
Y,

IWISTOr SR4C

Ceag .,—._.—_ mF
e s il e af 11

i

space-time conformal group SL(4. =) acts via the generators .JY, = Z¢ 57
{

%)

The (complexified)

ranes over the Riemann sphere X in twistor space, the rays sweep out the null cone

As 7

centered an a0 In space-tame
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The Penrose transform
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i - - - =
| P Lt o g =

~allv by arbitrary holomarphic

S A L
descripbed locall
o |

functicn of homaogenety 2/ — 2
"

By = )f AdA) ®_p(2)], & = HY(CPY . O

__e.'_'el__f'l == % AdA) Ll —il-ZI p=irA
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The Penrose transform

Jescribea |locallv by arbitrary holomorohic

£ e S C e S g e “
Lincuen af hamaogeneity 24 ,

Ol = )Z \*l\ ‘D__'H,Z3 | -\ ‘D = Frd T ()

=L\ - 44 el e =

o ~ ' 1= 5
[ Py — AdA) LD (L) - o= P LAAAYATA _ —{])
— . L™ o
\ J
1 2 Dolbeault representation, this caohomaiog roup anses as the field eguation of bwistaor actiar

[ / D7 A b where @

i
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The Penrose transform

- oy — T =T — i - = - = —
ety =) ! o) i e Fatal ||: a . = —
P | | e P | - ~ — - e kW -\_-I. L rr A & pwetar LA | r-\_p \_pr :"I.\_p O et I -

&) v B ey Y - w8 &=l
i1 < S = — . iy f
] AooED oo G oy { L0 J

describea locailv by arbitrary holomarehic

function of homogeneity 2§ — 2

) :-)é AdAY B_o(Z)] . & = BLCEY O —9

. . | Rd._-
lo(r) = f AdA) LD __1|.Z| s = } AdAY A r;‘\,?_.l_—__ =-{)

s it B e e e e s e L e et S e il S e S SR e e e
4 LIGIDEZUI represeniaudrt, s Cancrmaiogy Jroult arses as Ne held eguaton of WIsior actial

= / D*Z A ®Od where ©®

Naor-inear exansions: Perrose-Ward canstruction considers holomorphic bundles raither than ust
nErsz g2 cading tc self-dual Yang-Mills. This s the casis of the ADBM construction of InstantonSage 1258



N =4 SYM on twistor space

where A = QY i EndE) s acennection (0. 1)-form sugerfiald
- i o ENBES O
(2 =a{ L)+ T alZ) =< o igl L)+ - =
- ¥.
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N =4 SYM on twistor space

ot

;!

= / )3 A T . *4‘_-1_1 i ‘-b-—t. | o _._.;1 :

| = R = b s i ' =g - . — - e I
shere A = 1) 5 ExwdE) isaconnection (0.1)-for
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N =4 SYM on twistor space

a [ W PR =y o = s e b= e ot = e P e
e AV Tt m e P et 8] 2 A P Hea Saetree or e T = T o
- ‘I\ — L =4 | 1| b LAY t-_ L e [ L __:-'«_n s i k- '_:" | (] e | _tll:_p o AN s EECS

wvhere A = O 270 EndE) s a connection (0.1)-form sugserfield
- \ 5 - : CABCEH | =)y v FABCS | 3
AlZ ) =alZ )+ Ty Z) == “wagl L) ——F ALt DL ) K . =gl
( . ] ) _ i
Nhen o= = (). the som for holomarphic Chem-Simons says &~ = (), so we have a holomorphic
ector bundle on twistor space; carresponding to a seii-aual YM field on space-time (+ susy extension
Expanding in powers of the field. the terms proportional to the coupling ars
b, m
T’l A& f 51 g H= -
— Y —_ |]_- i TJ_' | I.J _'4 .-'..Il _#—1_ - - s J',J' _#4 |

o

T 1 =
. roloe det [ + |
/ I W} = 1 Bl ,4 X

no Terms

giving an infinite sum of MRV vertices.
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N =4 SYM on twistor space

AeREy I‘__ ClEs iyt B T = 1 W =
h Lk et ha e by A habd bl [ I

I
J=
g

vhere A = () =0 EmdE) 153 cannection (0. 1)-farm superfisid
3 L B &= I.'..' | = [ ¥ g |
o 5 | 7 - 13 = Yegd A = i — {8 P by I il

Al Z = il L)+ F oyl 2 s e gl L+ - e i T
-

A L ey fi- -4 L g Al AT 2 ST = Fs - = | =1 - = i S Py

vitesl]l @ — \L. =0T 1E SIAMMIarpric FIETTl=-3 Ll B aEldya O — 1), =20 e MNave a Mearmerprme

ector bundle on twisior space. corresponding to a seif-dual YM field on space-iime slUsy extension
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Expanding in powers af the field. the terms proportional to the
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twistor space

kb

e

TG

‘Z ATe | AJA +

-..-'-Ilu

4\.)_;: .

I

/ d* ¢ log det f.:a'_r'—,-h_k_

where A = Q% = EmdE) s 3 connection (0. 1)-farm superfield
- — 24 - L 3 - CABCLO 1 B —i = BCLD 3 F r -
Al Z. = al L |+ Fald)—=cw o ygl L)+ - [ Z)+ T 1z
s, | B L
'd B ) j et
Nhen o= = the som for holomorphic Chem-Simons savs F — = (), s6 we have a holarmorghic
=ctor bundle on twisior space. comresponding to a seif-dual YM field on space-ime (+ susy extensial
Expanding in pawers af the field. the terms proportional to the coupling ars
. B ) e
) I e . = =
/nlL rlogdet () - A4) .. = L5 = d "“eTr 0 A0 A= =0 A)
J = 10 . W ,
= I Ll 41 B e
giving an infinite sum of MHV vertices
By choosing the gauge (' A ) .. = (). we can reduce the twistor action to the space-ime SYM actio
N = [t Fy= susv) 2o f Tr | ( — ==
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Scattering Amplitudes
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Projective delta-functions & the twistor propagator

-

0 use this acton. we first need the propagator. This 8 cne of a family of projective deita-fun
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Projective delta-functions & the twistor propagator

0 Use this action. we first need the propagatar, This is one of a family of projective delta-functions:;

== — I |
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Projective delta-functions & the twistor propagator

10 UsSe his actuon. we Nirst Need the propagaltar, 1nis 18 onNe o a iamiry 1 projeclive: aeita-iunctuons:

4 , i
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Projective delta-functions & the twistor propagator

[0 use this action. we first need the propagator. This 18:one of a famiiv of projective aelta-functons:
e ™
i e = f = 2y twl = 7. e
7 A s ke £ES lir e
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Projective delta-functions & the twistor propagator

ol e
dhy

For s

e this acuo 2 first need the cropaags s 18 cne of a famiy of grojective deita-functaons;
g : ™
4 ol = . 5 . F moeosing oollliresrnh
— — _ A L5 — = — =
- — S R— — e _ ||I -'I A — o — o - o — = - == ——
.
; 23 [T VR I 5 o . - -
= o theseobey | A T | =-_.L§ — 1 2. e R
. 1
n the axial gauge Z7 A, = ). the holomorphic Chem-Simons prepagato
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CSW diagrams are Feynman diagrams

a seif-dual background
g,

= 5 T
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CSW diagrams are Feynman diagrams

MBEV tree amplitudes can be interpreted as the scattering of a particle traveling on a salif-dual background

Ll

Bevond MHV we join verticas with propagators as usual. |

Ay :E /L'—'J i B e A Mvrpe [z men J S Z,ZL.ZFE_L&_[“\ I_Z:...-'.....»"—lﬁ'

B —x.,':l"'r‘F: &

L J Aytanljeo.
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Null polygonal Wilson Loops In space-time

n 2007, Alday & Malgacena studied the strong-c

rong-coupling limit of 4-particle scattenng u

T-duality

?/

iculaton reduces to finaing area of minmal surface with n
expectaton from Bern-Dixon-Smirmov ansatz for all-orders

e
by i s |

tterng amplitude.
Insoired cy this, Drummend. Henn. Kerchemsky & Sokatchey studied NPWLs at weak couplhin
fingng agreement with the MRV scattenng amclitude at 1-lcop. Results sucseguently axtenae
MHV amolitudes 2rd Z-lgap M=V amplitudes &y
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Null polygonal Wilson Loops in space-time

e —
I 20ty

2007, Alday & Maldacena studied the strong-coupling limit of 4-particle scattenng using AdS/CFI.

] #= ‘ JI' $72

A1

| ; 7
f..\ ' T-duality

L

Caicuiation reduc

Gn reduces to finding area of mmimat surface with null polygonal coundary. Answer agrees wiih
expectaton from Bern-Dixon-Smimoyv ansatz for all-orders scattenng amphtude.

1spired cy this, Drummicna. Hepn. Karchemsky & Sokatchey stuaied NPWLs at weak caupling. again
naing agreement with the MRV scatternng ampelitude at 1-100p. Resuits sueseguently extenaed o all 7-icagp
VIV amolitudes ard =-gop MBV amplituges by many authors
ind 1o 0 particles gt strong couphng
4 ™\
These case-by-case calculations raise two important questions:

1) Can one extend the duality beyond the MHV sector?
’irsa: 11080052 Page 28/58

2. Why does the duality work at all / Does it continue to hoid to all orders?
L




Null polygonal Wilson Loops in twistor space

r sl
of the soace-

th

Asa desior data s unconstrained: given arbitrary 7, . the twistor lines intersect by construction,
carresponding space-time vertices are insvitably null separated.

il edges of the polygon correspond to goints 2, in twistor space. while the vertices { . L. o0 . ol
time colygon correspond to the lines { £,24, .« Z1Zs ... 2.1 Z, + intwistorspac

—Page 29558



Holomorphic frames

Just like a real parallel propagator. there is a unicue holomorphic frame | | 7 7, that cbevs

e T

A b = () with boundary condition =

3 3. = Ule&y. 03 concatenation

e e = M NETE . &

> _. _ L. 00 )Gl gauge transformation .
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Holomorphic frames

Just like 2 real parallel propagator. thers is a unicue hofomarphic frame | |~ 7, that cbeys

I WITH Oaunaary Condamen i =

s
|

= L. T3 concatenation
Ulgs.o1) =Ulsi.00) - inverse

Ulgi.oz) — ¢ Ao )Ular.onlgle gauge transformation "
. -

We can (formallv) soive . ; ' ) Nhere . 1S the Green's
- Uiegn gg) =F *-‘_‘{?J( U | ;"h BoRio- ool )
' - Ol 8 =K unction for the ) -operatoron X
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Holomorphic frames

Just like a real parailel propagator. there is a unique holomorphic frame | | 7. 7, that«

Ll
L

= | O & 0 5 — 1} WilN oounagary candaruacri ; = 31

.o ) Ul(os. a4 ) = Uleay. o3 concatenation A
Ulge.oy) =Ulop.o0) ° inverse

Ulgi.oa) — ¢ (o) Ular.on)gio gauge transformation “
. .

We can iformallv) solve . : ' : vhera o s the Cree
. i . : Ula.op) = Pexp ( A NA ;'hﬂ” 3 IR atel §
' .. inction for the @ -operatoron X

Ll

4 : -y i

WIC)) = L < Tr Pexp ( — | wA _-t) ‘*

N L [ N=1 SYM

L) Computes trace of holoniomy of {super-icannection around (.

is the twistor field expression for space-time Wilson lcop.
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Expectation value gives all complete planar S-matrix.
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Explicit examples - tree amplitudes

The cougling constant appears anly in frant of the MHV vertices. so to lowest order (2 ) the Wilson
cop carrelator s computed purely using hoicmorpnic Charm-Simons theory:

SRR

-

" : —_ —_ ] — —_— —
Wilsan | oon correlafor becomes

ds df
/ —— (A sy Alt)) +

— — - AL s = T r | A st | =~y ool Eeyete e e f
JIVIFIg e NMBV tree ampiitude (divided by an overall factor of

iV tree).

- Liagrams DetweEeT agjacen! edgeS reguire Cae—
e o ey

. a R e kA P i .
ey may be handled by raming the Wilson Loop, whereup

varnish in imit the frarming is taken to zerc.

-
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Explicit examples - tree amplitudes

he coupling constant apoears only in front of the MHV vertices. so to lowest order (2 ) the Wilson

P correiator s camputedg pursly usl g NaiGmarpnic Zhem-Simons heory.
£

Al lowest order in the field, the Wilson Loop conrelator becomes
| [dsdi
} 11 ..f — J_ = - P, e I— .r_1.|| g _1- i ; i
L -‘.I # s _I'
L ,
= ]_ = —_ 3= 1 _-.-_]_ JIl  — J'_ o
¥ et -
Jving the NMBV tree ampliiude (dvided by an overall factor of
the MV tres
Ulagrams between au._u—ﬂt edges requirs care
They may be handled by frarming the Wilson L cop, whereupon they
sarish n imit the frarming s taken to zero.
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Explicit examples - tree amplitudes

The coupling caonstant appears only
puted pursly

L 000 COmelaior IS Co

the MiHV treel.
petween agiacent eages regquire C
died by framing the Wilson Loop.

Taming is taken to zero.

e

Uiagrams

T i
i

| [T

faHshn n

l'_‘.: =
N =|'_.u|
mit the f

‘WL
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In axial gauge, Wilsan I_“"GD I—awrrﬂar diagraams are the planar duals of MBV di
;.

£

in frant of the MHV vertices. so to lowest order (2 ) the Wilsan
using holomaorphic Chem-Simons theory.
I,f'
At lowest order in the field. the Wilsan Loop correlator becomes
g o L 5 “ds df
(WIC =1+ - ————— ...—!L': b '..—ti. £}y +
i L i - S -
]_ ‘Tﬂ_ . .
=1+=% = 2.0+1. ). 7+1 +
5 S 3 . wt h
gving the N ree ampiitude (divided by an overall factor cf

l'qllllr_' —k l_-!_iLnlr_' r—l ‘-l—l'_‘.

.
diagrams for

M

rthe

mplitude.

—— i

-
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Explicit examples - the loop integrand

All dependence an the coupling constant comes from insertions of o~ / A% ¢ log det (2 — A4) X fram
the action. representing an infinite series of MHV vertices '

@
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Explicit examples - the loop integrand

All dependence an the coupling constant cames from insertions of ¢~

- : / d log det (0 —.A) % from
the action. representing an infinde series of MHV vertices - '

Y o
'.'I_I_II

CIT IMSerudn Mrcduces

i opiTiEW
i fn —

EW e A INo e wistor

P Tt m I o e T o O o g | Ay e iy ¥ =

G £ S HOCEIONT OF X 1S 1D e IMegraieg gver —mis |s ine
BHERIF{I-3 50
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Explicit examples - the loop integrand

All dependence on the coupling constant cames from insertions of o~ / d*Zrlogder (0 —A) y from
the action. representing an infinde senes of MHV vertices -

1 such nserticn Introduces a new ine X into the twistor
picture, The location of X is to be irtegrated over - this is the
ccp irtegral.

There must be at least two propagators connecting to X, The
SiIMplest Case - exaclly two propadaiors - comresponas ic a
TG00

By Iy F Fr. -
cop MBHVY amoiitude.
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Explicit examples - the loop integrand

All dependence an the coupling constant comes from insertions of o~ / d* % plogdet (9 — A) ¢ from
the action. representing an infintde series of MBV vertices : '

CACH SUCH Inserton introcgucss 3 naw ine A imtc tne twistor
oicture. | e loccalion or A 18 10 Ce megrateg over - his s e

COp IMmegrai.

T s o e+ $2a s g e e e — e — -— - —
| here miust be &1 ieast W propagators comnect g 1a A =
-t | e — e ! = = p— P
SHTHHESTU THESE — X activ two prooadalors — COneES] HOFOS B2 4

1-oop MHY ampiitude.

(WIC)) o2y = - / .1*-‘*.1-/ 1—%% Als)Ale) (AU ) AL)) —
o - 3 s t (o—o')2 |

/1;Z e i i1 A Bl j.j+r1. 4 B + - where X = (AB

B f
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Explicit examples - the loop integrand

All dependence on the coupling constant cames from insertions of __u:—'
the action. representing an infinite series of MHV vertices

j d*"rlogdet (3 —A) from

Each such insertocn introducs

£5 3 new ine X into the twisto
pgicture. The location of X 1S to be integrated over - this s the
coE tegral.

- There must be at least two propagators connecting ta X. The

simplest case - exactly two propagalors - camresponds ic a
1-igop MV amplitude.

“ds dt dodo’

h_‘—;q Als) Al Ao VAL ==
5 t le—a’)= '

/ ri“l.rZ e i1 A B[« .41 A B +

P |
- Once

again. the diagram for this

g | =

- -l‘r
carreiation function is the
clanar dual of the MHY diagram for the same expression
from the scatternmg ampiitude:

A

Calling an the “log det” vertex L timas gives a contribution
rreatoais L l00p ampiitude.
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Explicit examples - the loop integrand

All dependence on the coupling constant cames from insertions of 2~

/ d¥ % rlog det (9 — A) y from
the action. representing an infinite senes of MHV vertices ; 8

=ach such insertion introduces a new line X into the twistor
gicture, The loccation of X Is o be rRegraisqg over - s s e
CCE Integral

_ e - P, N SR - - Ty e - PP, | A T E
here must be at least two propagators connecting to X. The
SHTIEEST CaSe - exXaclly (Wo Dooagaiors — COmesSponas 10 a

s SR S\ f = ot -
‘aop MHV ampiitude.

. “dsdt dodo’
l';/ —————— — (Als)Ala)) (Al Alt)) — ---

5 F —ut)=

/ tli""ﬁ.fE e i A B j.j41. A BY +

it
({8
il
-
by
gl
L,
it
i
k4
i
i
2]
o
5
i
-
Ed
0
e
5
1

g Ol VETIE i THTIES JIVES a COHTUTOUGON
L s = ity s ten ¥ &
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BCFW recursion and Wilson Loops

These axamples provide some evidence that the duality between Scattering Amplitudes and Wilson
Loops continues o hold for the full superamplitude and o all orders in the loop expansion.
Ta understand whv it holds, we

showed that the twastor Wilson Locp obeys the extansion of the
SCHW recursicn relation

for the all-oop integrand.
rJ"

piir)
n scatterng = _urr*]::'rrL.f‘*ﬂ': —~C VWV recursion staris }
E‘y’ deforming the extermal momenia p; — i r) Pr\T)
suect o the constraints

Zpﬂ,r‘}:i} ;}?‘[r]:l}

These constramis mean that the deformed spacs-tme
Wilson Loop remains a closed p
genencally complex! edges.

aygon with null (but

- In twistor space, there are no constraints! \\ie just

rary the locations of the vertices /. TFTMvPage45/58

rsa: 11080052

L




Varying the Wilson Loop

Hecall that under a2 amoaoth change n the curve, a real Wilsan Loop abevs

SW ] =—-£dz” A 62 T [FW{E}PER;: (‘/j“%

saying (e-g.) that the Wilson Loop is unchanged it ¥ vanes only in a region where the field-strength vanishes.

- -

SWIC] =~ [ wAdZ% A 52T | Fog(2) Pexp ( - / sA A)

Il

F2 = WICT
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Varying the Wilson Loop

Hecall that under a amoath change in the curve., a2 real Wilson Loop cbeys

AW ~] = fdz“ﬁam ’I'r|: PW{I‘}PEX;}( /Iﬁ)}

saying {e.g.) that the Wilsan Loogp is unchanged if ¥ varies anly in a2 region where the field-strength vanishes.

Similarty. the holomorphic Wilson Locp cbeys

-

e . =3 . = =h ) \ |
aWIC] = — /_.-.' \d L HZ’TI|., ==t Z) Pr—x_ﬁ( - /_.' _—l)
o ) 4
under a hoiomorphic change in the curve. _h|5 says that. if & = = (). then W || varies holormorphicaiiy over
this holomorphic family of curves.
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Varying the Wilson Loop

Hecall that under a smoath change in the curve, 2 real Wilsan Loop cbheys

saying (e.g-)

AW i~ =

fd.r:*“’ﬂam I'1'|: {I}PEKP( /II.-)T

|
|
-

that the Wilson Loop is unchanged if ¥ varies aniv in a region where the field-strength vanishes.

Simlarty. the holomorpic Wilson Loop cbhevs
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ar g P;-;rwcrcr c change in the curve. This says that., i Fhe —=0.then W r .-'E.I'!EE holomorohically over

_In.

iy of curves.
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The Migdal-Makeerko loop equations tell us how the corrsiation function. rather than the operator, behaves.

pi

S _ —
» It reat Chern-Simons. ( W~ |) computes knot invasiants
such as the HOMELY LJGWFGI’W“‘ v
» Migdai-Makeenko eguations give (poor man's) denvation of the
skein rehtmns -Le erur*mr rm;art} ﬂ*’-t for “he koot
polynamigl === - s
- From the point of view of Wilsaon Locps. tree-level BCHW recursion
rsa: 11080052 Page 48/58
15 & holomerphic anaiogue of these skein relations, while the ampiitude
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BCFW recursion as the loop equations
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BCFW recursion as the loop equations

Begnning N the purs holamarpmce Ghem-siman
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egration by parts |
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ensures oniy get contnbution i
or U(N) theor seff-intersects as we deform y
o
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BCFW recursion as the loop equations

=~ . el il =l aTe s anla T e Tala e =Te aT
Segmninmg 1 e pure Noamaroginic LOeErm—oilmians weary.
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BCFW recursion as the loop equations

e P - e —| = Y e o o T T et T o [ e e sl =T | e
Begnnming in the pure hclomarphic Chem-Simans theary. integration by parts in the path integral gives
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— wr N i ol 7 7Y IWIC %
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When theline (n,-1) intersects () J+1) we have (1 (r) — &, )" = 0, coresponding to a factorization
{
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BCFW recursion as the loop equations
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BCFW recursion as the loop equations
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Nhen the line | n,. L) intersects J L) WeAdve | L1 k=== :ff”’:"—':'_:i'_-_;] to a factorization
channet of the amplitude.
Wil — (W11 - —1.n. 1 +—1! (W11 VA WiZg. j+1
S —
s o AT i o e e L e U T e
e n= tree-level ¥ BCLIS0 = =il O T SO SEEE. Sl 2d aver Mty degree.
Repeating this dervation for the full action CILUCHTJ the log aet term gives a2 Nnew contnoution o the
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equations that leads 0 the all-loop extension of BCFW



Correlation functions
of local operators
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Local operators in twistor space

L ocal operatars on space-time are nan-tocal on twistor space:

eg. Tro’(z) = / dode’ Tr(®(o)Ule. o' )@(a' ) Ulo’. o))
XX
Once again. using the twistor superfisid iImmediately vields the o
(chiral part) of the comesponding supermuitinlet

E b vt

- j 4 FA !
eq. Oglr.6.6=0)= / ri::rdcr’—[r(_—L{cr.t:r"]l—[rcr’.ar})E"b”J
XxX
There 8 alsg—=— —=F 7= SR SRR =SS g carespondence between scattenng amplifudes
ard corrsiation functions of local cperators In the nuli-separatea linmt.
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Local operators in twistor space

Local operators on space-time are non-acal on twistor space:

eg. Troi(r) = [iic:r:l{:r’ Tr (®(o)U(o. o )@(c" ) Uls'. o))

XxX
Cnce again. using the twistor superfieid immediately vigids the o
{chiral part) of the comresponding Supemutﬁciet
-} =3
FA ., FPA _ |
eq Oxl(r.0.8=0)= dode’ Tr remww L c:r’}lﬁ[ (o . o) ) e
) PrEJy TF that's < s
XwX
There s algor = == == S SR SOEETE g gomesponaence getween scattermg amplitudes
and carreiation functions of local operators in the nuli-separatea limit.
~
Cﬁmei&tmamﬁmmﬁ cone and null Wilson Lines are closely related in any QF 1. In twistor space. in
the limit that the twistor lines intersect. factonng out a singular piece fron the integrand leaves us with
a'Wilsan Loop in the adjeint. In the pianar limit this becomes the square of the scattering amplitude.
- —-1
. ). SS8- 7
O8N BRistors wer—=re Sweme= vasor IS axandied this to the full stiperampiitude / correlator of chiral ™% "™

cLmermiutbniets ot the leval of the miaar=andd.



Conclusions

We constructed a natural holomorghic & supersymmetric Wilson Loop in twistor space
and saw that its correlator using the twistor action for .\ = 4 SYM computes the ratio
of the all-loap S-matrix to the MHV tree.

Perturbative computation in axial gauge — MHV / CSW diagrams.

Migdai-Makeenko Loop equations — BCFW recursion for the zil-loop integrand.

Despite much progress over the past few years, understanding QFT from the point of view of
twistars is stiil very much in its infancy.

Nanetheiess, | hope |'ve convinced you that twistars provide both insightful perspectives and
useful tools for studying some interesting problems in QFT.
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