The Abdus Salam s

Educational, Scientificand -

Cultural Organization *
International Centre for Theoretical Physics ( @\% '

Internati IIAEA

nal Atomic Energy Agency

THO~

2134-17

Spring School on Superstring Theory and Related Topics

22 - 30 March 2010

Superstring multiloop amplitudes and non-renormalization theorems
Lecture I
- Motivation and Summary of Results -

N.J. Berkovits

UESP (Universidade Estadual Paulista)
Sao Paulo
Brazi/

Strada Costiera |1, 34151 Trieste, Italy - Tel.+39 040 2240 | 11; Fax +39 040 224 163 - sci_info@ictp.it



L«Lfg{ Jye

WV Desvvetioa

Plan:

M@ ‘%’g L/ z:d;( 0‘1\ O é\’
%M 1es 2

77
{7
4

(RN

A
Tope T6

superstrings

u i ,’. m 3{3 fiuﬂaf'{% /\% &Wa'

<.
SRy e v fkf‘tf

'y

u%) regults

Vo

e V.

P

s

have

A

LY
ER A
5 &Aé nei-venores . tha s
R [,
. ;
p (
A [ ( T{S

@ 1. h R

. %?“w&"f"’.f?,‘i‘-‘/,{i\*’r(:} 2. P‘/iéé?’ . p'h &

S 3’.2““",/3 \i—;l

3

{
fl‘fé’ff’ s

Conjec tuves
h -

T a+ Lo — T
1 p LD
5 e
] ke
— "r*r!"/" ew S | e ~ A ) ' =
/v&w NIEN' /g}w\“ﬁ» el }Aw (g Q2 3&(5-2—3 )

L2 due

3 ! 53 ikl -] )
P s 2. < @(_S ‘% uZ,'((! Tp2 tz.flﬁ
Lo T =l T e TR ) ) e
) T TOR
ot Ny
T o N Y ' ~ - ;'\,
- % (,% ¥ ”’*’{ ﬂ : Z < (57-‘ v ) D ' fﬂ R F mere ug*"“’{!”?&“&"“("}i“).
ST T Sl Fnens
r Z .
Eoi fe R oo el R Shy o)
U; VAS Te e LSM;.)\»}_ e vl oy ”‘S % ™~ =1 ) ¥ \i J ~ ‘ . 5“"”5‘\
< . .
L’) ’ “ w‘?/L gﬁ" ’j,i
o~ / v 1 : F i d9d ’ '
rean | 72»1‘3’50; N it 0601 Cj
4 o r/f\{—i
R I K
: L ¢
} ‘\L*U_ ‘T{'Wi,e, Eéf‘w-"rhh&rpl A ﬁ@@lz' ’

Frze et }Avﬂ‘;nj et g f‘



" e N
. [, ’ ” ) o - 3 Ly l—»/” 6‘;[ mp} -
CA bore H@k@f@%w wa/Pé' j_ C}ue,l\’fv/ 2 gTveclug o [ (“ \8}
} {""Cw’r\ gm"'\’f\!ﬁl{ | i l/
@ g mjz Tensss o ‘d Q’CJr VES

i

L. N o u;«,(,:‘z’\f?v.;wal J“& ié% i sghixff?@f-ifs'%*"”’”j A F/#‘“‘G} g

[ ne (S,

o .\ o B e . vj’ o i_ (N\SMV“{* a)_g

2ot assless amp. gfs ao fep contnbiticns
’ o he Mi5S S hbd 3£ ) o
6{2 -ANGE3 iﬂ's PAV\‘HQ.,’CJ) S
Y = . )
) T cralyticell
‘ < : 7 (:,efb\,‘{'\ V\u’ <
/ N \ 7 jioz e

"t‘g.b,, VL ANRYE

e, ;‘M f,’ e P Q
O ot ()=
‘ b 2 ,/\/ N g
~\ o ~\C/ /: V) i [O P
N i3
- ( ) 5)’
\ ‘| ™S Ty T o
7. = — )

2.

i ‘ g i
ij?j\ VNS it‘f— [ o w\(J B OGP (/@"’ﬁ’&’“\v LL’YL PO

Ay

737 (/@V{')“‘j‘ & 'fxﬁ'%&w# Aol Veing q‘;"ﬂ/b\g‘,/&,.‘i ¢ ?_p,\_c,ﬁ

S Futen 4 N G svgen

fm‘)F

i P UJ:"‘”\? N7
SR R : | AN DK
D..M’Ld.«b/}-/d?"\a\ e {} A V\r?}u_/\ "%L’Q}\ ) &} W \‘3 ¢ o

. ) L) - k-8« d (&~ 7\}1 b~ o
Aoty @ /\ (8-2) N A
e

- ( ‘ ) . fa Yy
ll k Z ZL\ y @‘L\M{TA%A“.AN_: e ;«!fﬁ% /\ A= j = b

“ B . N N . Q
£ o i . I = 2 b2 T = 522@
?ﬁx&b"\’,vgr)pwu@ : hW=2 = k2™ el E kb ) N 1 ¢



M F] %'/(v"w v L) u/j

.‘3 U 2 - <)
oty vl

L

, s ;. N . . “' l L;) . l, . - ,‘, ‘ & i
k\__‘,_;l ‘r}{b‘?" 1)7 &")\QT{ER /o .;a;vg,@';;f«‘.q% ‘fj 7 M&TMMJ ) 57

\A s . . ﬁjﬂ: Cdu"? . (me_\/ é’}wkkm”\ gmgmc) G inie L‘S \Ql}a\v \97 A

4 ; G F 7i‘L .o
& sep 3 ( .. 20 L el )
fassive mesisire hoss ,2 22728 wops (or 2 B TN

) / )
f( ; A'iudwg_* / VL, c}aqum&/

o e

L RNS

‘ .

1 \

;\/\U\%\L@ﬁ—{:’ f;x,w\ %J‘Ea‘s Gy C,am«gf;r‘ el o S M;‘ v
3

_L)) !» §u./w A

\ -
T\,r{;y(_ff'u e 3} ’56%&’;‘#&%& [ §7 L m,ez“g An LA ‘TCo Sd .

i\%‘ ‘L‘L U Lo J"“wqjl“ /\f\ NS 9‘-““&”["}) T Z /049/&05

Cﬁv\/\)uxﬁimmj Yy i

o)"f@f [Wj ;7/'@,52 m}w A fidteness v ho u«)}}

[
e
ﬁ (Jﬂ \‘ - ?\’\{/i(\i?.i::fii)/\»ﬂ LT/“‘JA—(; Z' é‘c-v—érﬂj

(,/-/ 'O' f[j\'} Vi NOIA-Y 2N Q | . . !j

AN'\/)H\{JL 15 oon 78 (__,tjlm{\JXV{,@ “‘ )i\\) (o b LBQA B/\ b 5 U \ﬁ/\i(,}ﬂ’\
) ‘L ! ( g 1 S
! /\T &f(,AL}(\v qﬁ‘: f §.r,(_/f(3~ ov 4 V‘/\‘é \\,‘E ﬁ[«ﬁg S‘LM[J s <”

i

“>va l\"\JQ,S }') Jf hwrg\
Y Lo Gres mﬁ'i\:ﬂ. J - ]
s é}' R S A QG’) ( & J

¥

@ L
\\,/:'”"\{)J ![}{\‘.L‘) s f)w\\\z) ‘JGE



Q:{) A V""’ ( %ULJ

=

e “H\ _%ﬂwé:s,‘f

(9"\’0 POIV"A,C.&/{ }h»’r A {J’)uz f%(m/u '>/U S

LC;\— wM:ﬂLﬁfhom VP + % b[ 3\ 7[“”3 “f‘ Mﬂ\ NE o E 65%6%&& &LO%K

MGr’mana‘}(o»\ pr \} = L{‘ﬁu{}” "*%(!f;

\H /} /r] VLd i‘]ug(}{‘u’u’f (M \{’)Va é_w%»>

. < C,a,mtf_yn“{" !,4 D J/L\é) ftQJ(\,7,_ dme (20JE )

C,an« ..,.F.@%L...,JYTM@Q‘J& N0Vl o e e R B0 el IBE

C@w\ ?»"oug_ C«< S M gp\dbm«u- \b\ } ﬁw{/ e fﬁ uQ«mTV Lz(»jﬂt e~
2 {é’ 3 i rmr&‘{{egi G f)( {J{;S o

P/%X ‘{b go”iﬁf\f A AN A

Cln_ preve Hat @sf,,,ﬁ%ﬁ«;&m wf«ﬁL . LM@»&{L Lﬂtc’

3o A

( r) D(‘fu:&) D(Lp ) D(TAF ) (w))

9 Buormee ot hlesps  when 4240 whuee Jec

Ne -8

tb% c%wév,ju ‘ }

&ft ";L {ﬂm}:v;s - /





