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Yang— Mils_thenry

Perturbahve s mh‘mhf amphiivdes are

KYNpIOHC senies in fhe wqo/th ansknt- o

of the theory, ke use Feymmon dragroms

as a wnvenient (77) mneumonic device

for wahng dwn fems in #e senes,
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Complicahons
To calevlate any amph'fvde) Sim,ly wnte
town all Feyaman diagrams ard som thew !
Froblems: + The nqumber of disgrams For
an n-parhde omplitude gows festr
thn factonelly witk n,  and
* The Feynman nles are tonyp licated /
For 4 parfitles, fhee are 9 diagrams -
' 3 l 2 | z | 2
2t K X
3¢ terms + 36 tems + 36 tems + § fen‘ns
= a by mess/ E
There aee 10 obvitds cuncellabions or sipltficahons
of infermediate Sf?f n #s @levlehon,
FHowever, when He dvst finally settes..,



5 1nor /{e//'CI. AMorahi IXv, Zhap\g) Q‘m!,:'

A glosn 5caﬁen'nj amplitvole 3 o fonchion
of . momenta p and polonzations <
bt this collechon of dota /s /rgﬁy rédondaon¥
p*=0  pé=o E~ s up” ¥y
Speci fying p* and o helicity + or — s
almost érovgh fo canoni ca/I/ defermine <

Instead, Use the fact thet ony noll vector o~

Con be decomposed as

P Rl = Ao
into a pair of (commuting) spinors of
Opposite chiralify,
Moreorer, giren the pair (4,5) and 4
cholce oF + or - Ilell'ci/y, thee exisfs

a unique lp to gawe fransformahion)
polarizahion fensor ¢+



MHV amp Iitudes

S0 instead of Alp" ¢*) we wnte AUAY
and speeify fhe heliities of the = gluons.
(Wb choose. wavefonctions which are mommbim 2 1gmsht

\ L/
)/‘)P = =+ L)\—-—éi

5 eaﬁe; 0//)7" n 1‘66 a OM* ”n
an &rdim(s) - dinensivna/ a Y-JIMPIIS/ ‘ona/
vechor space vechor space

This nefehon allows some very compact formulas,
MHY (maximally hetity violahing) amphtuobs
have 2 Neqahive and 1-2 pesitive helitiby
glons,  The Parte- Toyor 1 formula for MUV is

15 e
A= o)y T(A S

wher€ Qi) XY = Cas ) /L'A " belicy)
ﬁ:‘, 1] = Eab ‘X;a Xf



Twisfor Space

[ For simplicify we work in signatvre — — ++
where A and X are independent- vaniables,]

A helicity amphtvde con be expressed in
twisfor Space by a Fourier fransform

Al )= (S egli GuT] Al T:)
The fwistor space amphtvde rs invanant-
under  (Au) — (£A,4m) Tor aty nonzerd
Lomplex number . Therefore  Ald i)
is not afunchon of 2 peints on C;
it 5 a finchon of 7 poinfs on
projective space 1, ‘
This is because the scaling (A X)) (£A,5/¢)
leaves p* invoriont buf Scoles € as €%
This Cancels e smling ot &} in the Runer frovion




Witten's (onjecture

An a-gloon ampliinde with g negatree helrery
glwons, ot 2 loeps, is supparted en curves
i Wistor$pace 7° of gaus <¢ ond

d{yree g-1+£,
e Inofter wends, A
1 K oo (S 2ero ynless Mere
f e exrists @ Curve
ed of the specihed

—_ 23 envs and d
7 | {Jﬁ ich n mgz;c:”
L poinfs,
n purficolor, MKV om//rﬁ{des are
svpporied on Iines. — This case fs fnvia/
o Check directy,
TAe h{yller‘ cases of this lonyectur?
imply that amplitudles sonsly some (high onder~)
ditferential eguations, — Chected in seversl uses,



Oiffeentiel Equatioms [Ghomple )

?Ze 0”/)' ‘/‘('7'" 4=2, qervs zero curve m P>
is fhe plame guadkic [ying in some P°c P
So 7 ,oinfs n P> e on sowme /l/ra 2
cowe only iF #ey ol je on some [P P’
( For 7<5 fhis 15 iF and On// /'6 since
5 or fewer poirfs on some 7 will jbr?n'ca/é’
lie on some conic sechon. )

/VOW (MSiﬂf' 40/ q ,ol'nfs z* Te$0,0435
n /P.} They lie in a common P* [ FF

K= €zrre 'Z.erZ,k 2z, =0
Mat £ An 5 TRE n—Jluan M/I/M/e

|+ follows

with 3 neqahbe helicity glvons lie dogree 2)
Hhen K,-J-u/l,, =0 Vij,k,l efl..,n$
K pecomes

Fourer transfooning back M2
o diffeen ol qaem‘m

S S

In all e he covld get his hands o1, liten
fﬂ’:an m Hese kinds of %Ma( ans. /we:e satisfied



Destruchve =0 Lonshuchire

The diffrential €gudﬁbn onakysis  Shows Hhat

A,, = j,;mﬁ 5fa@0f (;Meﬁlﬂj)
Jojra» d cones m P’

bot we wont fo calculate /someﬁinjx

from an honest g-model calcvlahon, and
deck fhat we gef the corert answers!




where does this wme from?

These properties of glvon Seattening
owplitudes cry ouf for a degper
explonehion,  [s thece a string theoty
descriphon inwhich these properties
weuld be maenitest?

Withn prapesed #e stoiy field Heory of Hhe
open Topological B-mode| sn P> with
N 05 branes,

The Spectvm of this fheory is exactly
that of W= SUW) Yang-Mils theory,
withoot e vsval infinrte tower of
&tra string states. [n some sense o'

is alreal/ 260 In Hhis M(oy.



the mam prescapton—in pictvees

& An instantonic  Fhrane
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= /nfeJmﬁiy of the T degrees
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fhe 5I'n'ng: M fthe 05-branes.
For any tixed ¢ we sl need correlation
funchions of preduels oF TS gn ¢ &

Bot C con ﬁemyfﬁr)g, o We have fo
ittegrate over ol possible C
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Main Form

The (twistor space feuner fransform
of fhe ) tree level 7I~JW Scaf-fm'ny

anyﬂifvde Wi 4 neqative helicify gloons /s
3&%;/%):/0"/’4 d%8 % (Tlw,)-+Tlen )

vel (&LL2))
n z 1. Y
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Only hard dvause
#6L() acts sonlinearly on g and £

¥ -funchons of (Po'ynouia()/@olynonlal )




Reduchion fo Eguations
IFis convenient fo fist Rocner hamsform this.

Then MiF of fhe moduli inlvnls are fnvial,
and we have [omithhg Temionic piece Jor now),

o dZJ*Za Jna., Jni n /
A/Jl) /\l) - f VO' (ét{l)) )’/d;"'a?n)

1=

n d n ~q
< T80 -5 %) KzZ‘Sl/_Z,’ s540")

kY

(Zd#2) +(n)+(n) =4 = 20 +2d-2 infegration vanibles
md  Zr+2d+2  delk- fmctions
The qquations 0= 5 5% L' ety

A" - 2‘2’- 0 4e=)2
. ko0~ n e
mp/)' momeatum conservahon 0= j'-' ,/,."

I 4,3 sabsty s, fhen there are 29424-2
independont eguahons,



L

n t(iﬁ?ﬁbn tontoor 7

All of #e /hffyrwf?'ﬂﬂ vanables (#e mod s
of the corve and The posihions on P’ where
he operafors are inserted) are complex —
fo calevlare the amph fude we have Yo %”6/75/
an /ht‘yraﬁim wnfour — bt e W/
tonfour doesn werk (af] vanables real),

[n Gukovs talk ym/ /h.’:m( about- vhe celafyon

botween e connected curves we studied
and He disconnectss cnrves spdied by

(acha2e, Svriek & Whtien. ‘
Ly

Pafl 11 frsha \
v%«? A fﬂx? "',"_ﬂ: %j“ﬂ?@f‘
Vel PRIFUR,

WFE'{-R(CNI' 'Pfﬁm‘fﬁaﬁf) a//lllfﬂ/é’ [o,rt’,?u,yq
b different choias o inkegration comfoer 11 ke
huge poorly understood @i spoe.




The Mew Technlegy

The caleviaion of an 1 —parftcle safnng
amphtvde redvas fo e poblem of finding
all soluhons fo the equahyns

d
- §
A =2 § 6~ qd

0 ‘_2,"_ 5 07 k};a‘
for 5, o7, and 4l intems of )}
and, then  Summin g 4 Wrfan Jacobran
owr e set of pots  usin 19 fhe nle

S T8 ea) s g7
= | rool$ ’
Q¢ What 5 Myu, the mombar of rogts 7

At the moMent;  oll we know s
/Vn,,' = /Vn,a-z =/ ’%,z =Y /V,,,,.d-z: /Vn,d



Fuanty hvanance

Amplitvdes must b symmefic vnder ) — )
as a consequence oF panty g Syrmeryy.
This symmetry & completely obscured i

twistor Spae, Sine we Fovder transformeésf
T bk net X, Newrfteless ue have

qiven an elemesfary proof of fhis symmérry
see abso a reant poper of Witten )L TR

A0
sz'/y i/plerzﬁanjes Ayree A& curves and

degree.  n-d-2 cunes, so ifs geometrical
nfeqretatin s very obsoure indeed!

Let me pw prove
Thewem,  Na, n-d-2 = Nad



Tt
o (onsider gy = i‘ 7"

rs 77- /07‘0:)

JEi
This is a polyomial in the o of degree -1+
(1 has no poles, and growth of inFnity fixes dgree. )

=0 '&{‘ Mé{b,...,ﬂ‘d-li
(o vie versa )

o Thus T /I comespondence befwéen soluhons of

‘J‘!M l A

Ai =2 f;o:.'“ﬂ‘ Ai =’é: $i J A

0= 550k) 0.2 §0°),



Conclusion

We've kngwn abourt ACD o four JQ(JJGS)
S0 you mgH have Mouvqﬁ qu

o Every quantriy of experimental refevance
(#W‘f' we know how l[O ( 4/4‘0//4')‘6) Aqd /ong
Ao ben (omputed fo greator ateoracy
than the eperimentel uncertainty, pot
this is far from the case/ (disclarmers... |

® There Couldn+ /05;:;6& remaim
undiscovered Makf ematfical Sty re

n free el ampl! fudes bot #is is

far from the case/

o« Flotse he/p ¥ Undecstand #he |
nathematical structore of the egualons,
. What vsefl mathematical sfrvetire s

appeor in logy emplitues 7





