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Motivation

Maximal SYM
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D=4 N=4 ¢ Partial or total cancellation of UV divergences . R
D=6 N=2 (all bubble and triangle diagrams cancel) Oﬂd,v\";o\(ow“
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D=8 N=1 ¢ Conformal or dual conformal symmetry o' ﬂ.\,\mvﬁ‘“
D=10 N=1 ¢ Common structure of the integrands p©

Obiject: Helicity Amplitudes on mass shell
with arbitrary number of legs and loops

The case: Planar limit N, — oo, ¢5-,, — 0 and g3, N. - fixed

The aim: to get all loop (exact) result




UV & IR Divergences

_ _ - No UV divergences in all loops
D=4 N=4 . IR & Collinear Divs on shell
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UV & IR Divergences

- No IR & Collinear divergences in all loops
- UV Divs starting from L=6/(D-4)=3 loops

Toy model for gravity



UV & IR Divergences

- No IR & Collinear divergences in all loops
- UV Divs starting from L=6/(D-4)=3 loops

Toy model for gravity

- No IR & Collinear divergences in all loops
- UV Divs starting from L=[6/(D-4)]=1 loops



UV & IR Divergences

- No IR & Collinear divergences in all loops
- UV Divs starting from L=6/(D-4)=3 loops

Toy model for gravity

- No IR & Collinear divergences in all loops
- UV Divs starting from L=[6/(D-4)]=1 loops

- No IR & Collinear divergences in all loops
- UV Divs starting from L=6/(D-4)=1 loops



D=10 N=1

UV & IR Divergences

- No IR & Collinear divergences in all loops
- UV Divs starting from L=6/(D-4)=3 loops

Toy model for gravity

- No IR & Collinear divergences in all loops
- UV Divs starting from L=[6/(D-4)]=1 loops

- No IR & Collinear divergences in all loops
- UV Divs starting from L=6/(D-4)=1 loops

Compactification on a torus of higher dim maximal SYM theories
gives lower dimensional maximal SYM theories



Colour decomposition

Colour ordered amplitude

AGon(pit pyr) = Y Trlo(T* . T)] A (o(py .. pp™)) + O(1/Ne)
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Planar Limit N, — 00, gy — 0 and g3, N, - fixed This is what we calculate

Four-point amplitude

AdDPhYs. 123 4y = TIA 123 HMD(s 1) + 12401 2.4 3MD(s1) + T3ALD (1 42 3MD(t w).

T! = Tr(TalTa2T83T84) 1 Tr(TRITA4TA3TA2)
T2 = Tr(T21 182134 723) 1 Tr(TRI T3 TA4TA2)
T3 = Tr(TQ 1 Ta4Ta2Ta3)+Tr(Ta 1Ta3 TaZTa4)

Tree level amplitude usually has a simple universal form proportional to the
delta function (conservation of momenta), in SUSY case - conservation of
supercharge in on shell momentum superspace



Spinor helicity formalism

Spinor helicity formalism in D=4 and in D=6
D=4

Momentum p“,pz =0,u=0,...,3
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Spinor helicity formalism

Spinor helicity formalism in D=4 and in D=6 Cheung, O"Connell 03,
Bern&Co 10
D=4 D=6
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Spinor helicity formalism

Spinor helicity formalism in D=4 and in D=6 Cheung, O"Connell 03,
Bern&Co 10
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Perturbation Expansion for the
Amplitudes for any D
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Universal expansion for any D in maximal SYM due to Dual conformal invarianc7e



A4 /Airee

No bubbles
No Triangles

First UV div at
L=[6/(D-4)] loops

IR finite

T. Dennen Yu-yin Huang 10,
S.Caron-Huot D.O'Connell 10

Universal expansion for any D in maximal SYM due to Dual conformal invarianc7e
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Perturbation Expansion for the Amplitudes

Leading Divergences The master integrals with leading divergences up to four loops

D=6 N=2

D=8 N=1 7
D=10 N=1
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The diagrams with the
substitution s<->t are not
shown

Everything was checked also numerically!



Leading Divergences from Generalized
«Renormalization Group»

* |In renormalizable theories the leading divergences can be found
from the 1-loop term due to the renormalization group, in particular,
for a single coupling theory the coefficient of 1/c" in nloops in

given by a?(ln) _ (agl))n
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Leading Divergences from Generalized
«Renormalization Group»

* In renormalizable theories the leading divergences can be found
from the 1-loop term due to the renormalization group, in particular,
for a single coupling theory the coefficient of 1/c" in nloops in
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R’- operation and Leading Divergences
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R’- operation and Leading Divergences
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R’- operation and Leading Divergences
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R’- operation and Leading Divergences
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R’- operation and Leading Divergences
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R’- operation and Leading Divergences
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R’- operation and Leading Divergences
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R’- operation and Leading Divergences
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The leading Divergences

D =10

s+t
5le

—52(8s+2t)
5!71e2

4151€3

—25%(1355411¢)
5171713¢€3

s(3s2—2st+t2)
314!519¢3

— g2 (1484—1083t—|—3—5382t2—15—98t3—|—§t4)
5171719¢3

__210s3
3141516!e4

—325%(99s+-2t)
SITITITI3e

s2(

430 .2, 4., 1,42
51 S Tgst 18t)

314151614

1502144 4 _ 1085791 3,
_9gh 33 33
42044 (2,2 1001 43 | 11152 44

5 15
SITITVTIT e

82

(—23—032+Sst—%t2)

314151614

BITITITITI3ed

" <851254—1043s3t+%52t2— >
— 408

S(—

45 4, 18 .3, 27 2,2
14S—|—78t 14st>
9.43_9 44

—|—7st 14t

3141516!e4

1716 429 5148
_ 716 o344 1747 (245 673 464 105,7

) ( _ Igg;l g7 7819 (64 1475 5,2 4 12745 4,3 >
S
429

1716
HITITITed

1287 572

63 252

25 ;34 65 32152)
5 43_ 1.4
+ 43 5t" — 551

314151614

143 143 715 715
__ 6608 83t4—i— 6706 S2¢5 — 7420 St6—|— 1715 t7

A ) < 95200 87—|— 67634 S6t— 225008 85t2—|— 136514 S4t3
—4aS8
65 143

429 429

)

BITITITITed




Perturbation Expansion for the Amplitudes

Leading Divergences
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Numerical evaluation of Integrals

D=6 N=2 Leading Divergences (¢ -representation
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Numerical evaluation of Integrals

D=6 N=2 Leading Divergences (v -representation
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Numerical evaluation of Integrals

D=6 N=2 Leading Divergences (¢ -representation
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Numerical evaluation of Integrals

D=6 N=2 Leading Divergences (v -representation
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Numerical evaluation of Integrals

D=6 N=2

Leading Divergences
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Perturbation Expansion for the Amplitudes

D=6 N=2
Leading Divergences
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Perturbation Expansion for the Amplitudes

D=6 N=2 Result up to 5 loops
Leading Divergences
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Perturbation Expansion for the Amplitudes

Result up to 5 loops
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Perturbation Expansion for the Amplitudes

D=6 N=2

Leading Divergences

Result up to 5 loops
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Perturbation Expansion for the Amplitudes

D=6 N=2

Leading Divergences

Result up to 5 loops
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Perturbation Expansion for the Amplitudes

Result up to 5 loops

D=6 N=2
Leading Divergences
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Perturbation Expansion for the Amplitudes

D=6 N=2

Leading Divergences

Result up to 5 loops
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Perturbation Expansion for the Amplitudes

D=8 N=1 Leading Divergences Result up to 4 loops
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Perturbation Expansion for the Amplitudes

D=8 N=1

Leading Divergences Result up to 4 loops
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Perturbation Expansion for the Amplitudes

D=8 N=1 Leading Divergences Result up to 4 loops
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oS +1 —|—g4884 + 255t + 2st3 + 8t
5le 5712
6 2(2095s7 4+ 1155% + 335°12 — 11543 — 11834 + 335%t> + 115st° + 2095¢7)
5ITIT145€3

2 32(2112188805'% + 75349057t — 139509655¢% + 112576357t — 9169165°¢*
L 131717150564

+8436305°t° — 916916s5%° + 112576353t — 139509652t° + 7534905t + 211218880t17)

131717151564

L.P. = —st|g

+ g

Doesn’t look like Geom progression anymore,
however, coefficients grow slowly

15



R-operation and Recurrence Relation

D=6 N=2 Horizontal boxes + tennis court
/TN sy e,
e [THLD - D : <
\/ ................................................
An An—l
n 2 2 \n
nA, =—A,_1 =—» A, =(-1) ] (—g*“s)

16



R-operation and Recurrence Relation

D=6 N=2 Horizontal boxes + tennis court
eI HT-D Al H -l H (i -
An An—l
2 2

nA, =—A,_1 =—» A,=(-1)" (—g“s)"

Horizontal boxes + double tennis court

n!

16



R-operation and Recurrence Relation

D=6 N=2 Horizontal boxes + tennis court
eI HT-D Al H -l H (i -
An An—l
2 2

nA, =—A,_1 =—» A,=(-1)" (—g“s)"

Horizontal boxes + double tennis court

n!

1 1
nd, = —gAfz—l» nA, =—-A,_1+ §AZ—1
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R-operation and Recurrence Relation

D=6 N=2 Horizontal boxes + tennis court
eI HT-D Al H -l H (i -
An An—l
2 2

nA, =—A,_1 =—» A,=(-1)" (—g“s)"

Horizontal boxes + double tennis court

n!

1 1
nd, = _gAfl—]_? l nA, =—-A,_1+ gAfz—l
1) 1 (—)* 1 1 |
At = s (=)=
m 3n=3 pl’ 2 3n—3 pl 2( ) n!
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R-operation and Recurrence Relation

D=6 N=2 Horizontal boxes + tennis court
R': (__ __) - [> - q ..
An An—l
n2 2 \n
nA, =—A,_1 =—» A, =(-1) ] (—g*“s)

Horizontal boxes + double tennis court

1
nAfz = _gAfl—]_? l nA, =—-A, 1+ gAfz—l
“1)m 1 (=11 1 |
At _ ( As —— — —(—=1\"—
" 3n—=3 pl’ 2 3n=3 pl 2( ) n!

(—g%s)" " (—g°t)

16



R-operation and Recurrence Relation

D=6 N=2 Horizontal boxes + tennis court
eI HT-D Al H -l H (i -
An An—l
2 2

nA, =—A,_1 =—» A,=(-1)" (—g“s)"

Horizontal boxes + double tennis court

n!

1 1
nd, = _gAfl—]_? l nA, =—-A,_1+ gAfz—l
(=)™ 1 s 1(=p*1 1 1
An = 3n—3 nl’ An = 2 3n—3 pl 2( 1 n!
(—g%s)" H(—g°t) (—g°s)"

16



R-operation and Recurrence Relation

D=6 N=2 Horizontal boxes + tennis court
/TN s e,
An An—l
n2 2 _\n
nA, =—A,_1 =—» A, =(-1) ] (—g*“s)

Horizontal boxes + double tennis court

1 . 1
nqu, — _gAz—la l nAn — _An—l + gAfz—l
f(=n™1 s 1(=np*1 1 1
An = 3n—=3 pl’ An = 2 3n=3 p 2( 1) n!

(—g%s)" ' (—g°t) (—g°s)"

- Similar relations one can get for all other series
 All of them have 1/n! behavior

 Number of these series group as n! 16



R-operation and Recurrence Relation

D=8 N=1 Horizontal boxes
: D - q
n-2 rr—t—1—: T
D O +
k=1 fcecescncceesd  teeescecsceceees
9 9 n—>2 k 1-k
nA, = —ZAn_l + a Z ArA, 1 & n>3J3
k=1
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R-operation and Recurrence Relation

D=8 N=1 Horizontal boxes
R _ D _ q
n-2 “ """""""
D O *
k=l bl ST Summation
—— —
9 9 n—2 k 1-k 00

nAn = - An1 + > ApAn_1op, n>3 Sm(2) = ) An(—2)"

k=1 n=m

17



R-operation and Recurrence Relation

D=8 N=1 Horizontal boxes
R _ D _ q
n-2 “ """"""""""""""
+ § O s e .
kz.; Summation
—— ——
9 9 n—2 k n-1-k .
nAn=—SAn 1+ 5 ) ArAnik, n>3 Sm(2) = D An(=2)"
k=1 n=m
d 9 2
Y=Y, 2y
dz° 4172 T e

17



R-operation and Recurrence Relation

D=8 N=1 Horizontal boxes
N | <
n-2 rr—t—1—: T
+ } O e
kz.; Summation
—— ——
9 9 n—2 k n-1-k 00
nAn=—SAn 1+ 5 ) ArAnik, n>3 Sm(2) = ) Ap(—2)"
k=1 n=m
d 2 2 B ) B 1 1
—523:—122—1—52121. 23 =21+ A1z — Agz®, Yo =31+ Asz, A1—§, Azz—@

17



R-operation and Recurrence Relation

D=8 N=1 Horizontal boxes
R N | {
n-2 “ """"""""""""""""
+ i O +
kz.; o T Summation
— ——
2 2 n—2 k n-1-k 00
nAn=—SAn 1+ 5 ) ArAnik, n>3 Sm(2) = D An(=2)"
k=1 n=m
d 2 2 1 1
—523:—122—#52121. E3:Zl‘|‘Al7J—AQZ27 Z2221‘|‘Alza Ay :ga AZZ_@
1 2 2
. . /I = = N2
Y= Diff egn ) = 3 + 4!2 5!2

17



R-operation and Recurrence Relation

D=8 N=1 Horizontal boxes
R - D UL - <
n-2 ' """""""""""""""
t > O +
kel ot b Summation
—— ——
9 9 n—2 k n-1-k 00
nAn=—JAn 1+ 5 ) ArAnig, n>3 Sm(2) = D An(=2)"
k=1 n=m
d 2 2 1 1
—523:—1224—52121. Y3 =31+ A1z — Agz®, Yo =31+ A1z, A =37 AQZ—@
1 2 2
. . /I = = N2
Y= Diff egn ) = 3 + 4!2 5!2
4tan|[z/(8v/15)] 2 2
¥(z) = —+/5/3 z=g°s"/e
(%) / 1 — tan|z/(8v15)]1/5/3

17



R-operation and Recurrence Relation

D=8 N=1 Horizontal boxes
R N | {
n-2 ‘ """"""""""""""""
+ § O +
kz.; o T Summation
— ——
2 2 n—2 k n-1-k 00
nAn=—JAn 1+ 5 ) ArAnig, n>3 Sm(2) = ) Ap(—2)"
k=1 n=m
d 2 2 1 1
—523:—122—#52121. E3:Zl‘|‘Al7J—AQZ27 Z2221‘|‘Alz> Ay :ga AZZ_@
1 2 2
. . /I = = N2
Y= Diff egn ) = 3 + 4!2 5!2

o 4tan[z/(8v15)]
S = Y VIRV

N(2) = —(2/6 + 2% /144 + 2° /2880 + 72* /414720 + .. .)

v = g°s° /e

17



R-operation and Recurrence Relation

D=10 N=1 Horizontal boxes
& - L] - UL
n-2 Ly
= [ o :
k n-1-k

n—2

2 1

nd, = —25142—1 tao D ALAL Ly,
' " k=1

S _ 1 S 6 t
nA = =2 [ﬁAn—l — ﬁAn_ll

n—2
3 S S S S 5
T = Z <2Ak o1k — ARAL e — ARAS g+ §A2A%—1—k>
k=1

AS = AL = 1/5!



All loop Exact Recurrence Relation

D=6 N=2
s-channel term S (s,¢) t-channel term Tn(s,t) T, (s,t) = Sy(t,s)

Exact relation for ALL diagrams

n > 4

1 X
nS, (5.1) = —2s / i / dy (Sp_1(s.t') + Tp_1(s.t)) |
0 0 t =tlx —y) — sy

Sg — —8/3, T3 = —t/g



All loop Exact Recurrence Relation

D=6 N=2
s-channel term S (s,¢) t-channel term Tn(s,t) T, (s,t) = Sy(t,s)

Exact relation for ALL diagrams

n > 4

1 X
nS, (5.1) = —2s / i / dy (Sp_1(s.t') + Tp_1(s.t)) |
0 0 t =tlx —y) — sy

Sg — —8/3, T3 = —t/g

Summation Sk(s,t,2) = Y (—2)"Sn(s,1)
n=k



All loop Exact Recurrence Relation

D=6 N=2
s-channel term S (s,¢) t-channel term Tn(s,t) T, (s,t) = Sy(t,s)

Exact relation for ALL diagrams

1 x
nSy(s,t) = —2s d:):/ dy (Sn—1(s,t") + Tr1(s,1"))
0 0

Sz = —s/3, Ts = —t/3
Summation Sk(s,t,2) = Y (—2)"Sn(s,1)

n=k

d

Diff eqn d—24(s t,z —23/ dx/ dy (Xs(s,t',z) + X3(t, s, 2)) |t =attyu
z



All loop Exact Recurrence Relation

D=6 N=2
s-channel term S (s,¢) t-channel term Tn(s,t) T, (s,t) = Sy(t,s)

Exact relation for ALL diagrams

1 x
nSy(s,t) = —2s d:):/ dy (Sn—1(s,t") + Tr1(s,1"))
0 0

Sg — —8/3, T3 = —t/g

Summation Sk(s,t,2) = Y (—2)"Sn(s,1)
n==k
: d
Diff eqn d—24(5 t,2) = 23/ dx/ dy (Bs(s,t',2) + X3(t', s, 2)) |t =atryu
2

Ya(s,t,z) = Xs(s,t,z) + Ss(s,t)z° (s, t,2) = 2 %85(s, t, 2)



All loop Exact Recurrence Relation

D=6 N=2
s-channel term S (s,¢) t-channel term Tn(s,t) T, (s,t) = Sy(t,s)

Exact relation for ALL diagrams

1 T
nS, (5.1) = —2s / da / dy (Sp_1(5,") + Tu_1(s,t'))
0 0
S

3 = —8/3, T3 = —t/g

Summation Sk(s,t,2) = Y (—2)"Sn(s,1)
n==k
: d
Diff eqn d—24(8 t,2) = 23/ dx/ dy (Bs(s,t',2) + X3(t', s, 2)) |t =atryu
2
Ya(s,t,z) = Xs(s,t,z) + Ss(s,t)z° (s, t,2) = 2 %85(s, t, 2)
d

2
Ly(s,t,2) = 5= 20(s,1,2) + 25 / iz / dy (S(s,t',2) + S(t',5,2)) sty
y <




All loop Exact Recurrence Relation

D=8 N=1

s-channel term

S,(s,t) tchannelterm T(s,?) T.(s,t) = Sp(t,s)

Exact relation for ALL diagrams

1 T
nSy(s,t) = _252/ dx/ dy y(1 —x) (Sn_l(s,t/) + Tn—l(sat/))|t’=t:v+yu

n—22k—2

dP
+ /da:x 1—:132S‘Y (Sk(s,t") + Tk(s,t")) x
(p+2)! dt'P
k=1 p=0
! 1 &~ S N+ T, / 1 P
S1 = E, Ty E X dt/p( n_l_k(87 t ) + n_l_k(87 t ))‘t/:_sx (tSCE( o CU))
summation  Y;(s,t,2) = X (s,t,2) — Sao(s, t)22 + S1(s, 1)z, Sa(s,t,2) = Si(s,t,2) + S1(s,t)z
Diff egn
diZ(s t,z) = —— —|— 25° / daz/ dy y(1 —x) (X(s,t',2) + X(t, 8, 2)) |t =tetyu
2

—34/0 dr z°(1 —x)QZ (p—|—2) (dt’P (B(s,t',2) + 2(t,8,2) |r=—sz)® (tsz(1l —2))P.

p—O




All loop Exact Recurrence Relation

D=10 N=1
s-channel term  S,,(s,t) t-channelterm 1, (s,?) T, (s,t) = Sp(t,s)

Exact relation for ALL diagrams

1 T
nSn(s,t) = _53/ dx/ dy 92(1 — x)Z (Sn—1(s, ") + Tn—l(Sat/))‘t’zteryu
n—2 3k—2 AP
3
+ /dazx (1—x) S‘Y p—|—3' g (Sk(s,t") + Ti(s,t")) x
k=1 p=0
S t dp / / p
51 = ik T = 5l X At'P (Sn—l—k(sat ) T Tn—l—k(sat ))|t’=—sa: (tSQ?(]. — QZ’))
summation MNs(s,t,2) = X1(s,t,2) — Sa(s,t)2° + S1(s, 1)z, Ba(s,t,2) = X1(s,t,2) + Si(s, 1)z
Diff eqn
diz(s t, Z 5! i / dx/ dy y 1 - CE Z(S,t/,Z) + Z<t/7 S,Z))’t’:ta:—l—yu
z

/ dr x*(1 —x 32 p—l— 3! dt’P (E(S,t 2) + B, 5,2))|pr=—sa)? (tsz(1—x))P




The Fixed Point and Finiteness

D=6 N=2 Diff eqn for the sum of two channels

©(2s,1,2) + 5(t,5,2)) = (s +1) — 2 [S(5.1,2) + 5t 5, 2)]

S

1 T
+25 [ do [ dy [S(5,t'2) + E( 5, oot
0 0

_I_
DO

1 x
t/ dx/ dy [X(s',t,2) + (¢, 8, 2)]| s =wstyu
0 0



The Fixed Point and Finiteness

D=6 N=2

Diff eqn for the sum of two channels

1 T
+25 [ do [ dy [S(5,t'2) + E( 5, oot
0 0

Z

G S5t 2) + St 5,2)) = (5 +1) — 2[S(s,4,2) + S(t, 5, 2)]

1 x
+2t / dx / dy [2(8/7 ta Z) + Z(tv 8/7 Z)] ‘S’ZZIJS—I—ZUU
0 0

The fixed point Yi(s,t,00) + X(t,8,00) =

e — 0

—1

Finite value



The Fixed Point and Finiteness

D=6 N=2 Diff eqn for the sum of two channels
d 2
d_(z(sa ta Z) z(ta S, Z)) — (S + t) - [Z(Sa ta Z) T Z(ta S, Z)]
2 <
1 T
+25 [ do [ dy [S(5,t'2) + E( 5, oot
0 0
1 T
+2t/ dZC/ dy [2(8/7 ta Z) + Z(tv 8/7 Z)] ‘S’ZZIJS—I—ZUU
0 0
The fixed point Y(s,t,00) + X(t,s,00) = —1 Finite value
e — 0

/

Stable for s+t=-u<0



The Fixed Point and Finiteness

D=6 N=2 Diff eqn for the sum of two channels
d 2
d_(z(sa ta Z) -+ z(ta S, Z)) — (S + t) - _[Z(Sa ta Z) T Z(ta S, Z)]
2 <
1 T
+25 [ do [ dy [S(5,t'2) + E( 5, oot
0 0
1 T
+2t/ dZC/ dy [2(8/7 ta Z) + Z(ta 8/7 Z)] ‘S’ZZIJS—I—ZUU
0 0
The fixed point Y(s,t,00) + X(t,s,00) = —1 Finite value
e — 0

o

Stable for s+t=-u<0 Unstable for s+t=-u>0



The Fixed Point and Finiteness

D=6 N=2 Diff eqn for the sum of two channels

i(Z(s,t, 2)+2(t,8,2) =(s+1t) — g[Z(s,t, 2) + X(t, s, 2)]
—|—28/0 dx /OCC dy [X(s,t',2) + 2(t', s, 2)] |t/ =at-tyu

1 x
+2t / dx / dy [2(8/7 ta Z) + Z(ta 8/7 Z)] ‘S’ZZIJS—I—ZUU
0 0

The fixed point Y(s,t,00) + X(t,s,00) = —1 Finite value
e — 0 / \
Stable for s+t=-u<0 Unstable for s+t=-u>0

Finiteness:



The Fixed Point and Finiteness

D=6 N=2 Diff eqn for the sum of two channels
2
_(E(Sa t Z) + z(ta S, Z)) — (S + t) o _[Z(Sa t Z) + Z(ta S, Z)]
<
1 T
+25 [ do [ dy [S(5,t'2) + E( 5, oot
0 0

1 x
+2t / dx / dy [2(8/7 ta Z) + Z(tv 8/7 Z)] ‘S’ZZIJS—I—ZUU
0 0

The fixed point Y(s,t,00) + X(t,s,00) = —1 Finite value
e — 0 / \
Stable for s+t=-u<0 Unstable for s+t=-u>0

Finiteness: S-t channel s+i<0
s-u channel s+u<0

t-u channel t+u<0



The Fixed Point and Finiteness

D=6 N=2 Diff eqn for the sum of two channels
2
_(E(Sa t Z) + z(ta S, Z)) — (S + t) o _[Z(Sa t Z) + Z(ta S, Z)]
<
1 T
+25 [ do [ dy [S(5,t'2) + E( 5, oot
0 0

1 x
+2t / dx / dy [2(8/7 ta Z) + Z(tv 8/7 Z)] ‘S’ZZIJS—I—ZUU
0 0

The fixed point Y(s,t,00) + X(t,s,00) = —1 Finite value
e — 0 / \
Stable for s+t=-u<0 Unstable for s+t=-u>0

Finiteness: Ss-t channel s+t<0
s-u channel s+u<0 incompatible since s+t+u=0

t-u channel t+u<0
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Summary

D=6 N=2
+ Equation for the total sum has a fixed point

Y(s,t,00) + X(t,s,00) = —1
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Summary

D=6 N=2
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Summary

D=6 N=2
GO oA SO RRGAaRN [~~~ + =(r.+.) —

D=8 N=1 D=10 N=1




Summary

D=6 N=2
NEGUSHoR foFthe oAV SUm RAS THEAIBOIRRN |1~ V(1 .0 — |

= Itis stable when ¢ — +0 in t-channel and unstable in s-channel
D=8 N=1 D=10 N=1
'+ Due to non-linearity of equation the fixed point analysis is complicated




Summary

D=6 N=2
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Summary

D=6 N=2
+ Equation for the total sum has a fixed point

Y(s,t,00) + X(t, s,00) = —1‘

D=8 N=1 D=10 N=1
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