¢ points on a circle

1,...,r rotate, r+1,...,¢ are fixed

d:w 1 r
{,8:0 = ‘w'l/‘>w, I/EZ

Then {a =Y are data on torus T¢
B = Bo

Motion ¥ — 1 + wit.

/3 — —585f(a,[3)

d3f(Bo) =0 expected. ¢ #0 7

Interaction { a = —<0af(a ) ?(5) = f fla,B) g_jrx

o =1+ h()
{,3:,30+k(’¢) such that ¥ — ¥ 4+ wt ??

Th.: h,k admit formal power series: “Lindstedt”

Represent h via “Feynman graph”: = trees

A tree graph 6 with 12 nodes and their hamonics V.



A tree graph 6 with 12 nodes and their hamonics V.

(1) To node v attach a harmonic v € Z"
(2) To line A = v'v attach current v(A) =)_, <, Vw
(3) and two component labels ji, j\

y J1
-/ . . ]1
! — 7 . Jo & 3
v v v 9
-/

J
v—JY = (Jo,...,Jp) and Oy fu, (Bo) are defined.

(4) Value : Val(0) = % (1107 fu,(B0)) ( TT 9ins»)

v lines\

def by = (9 0
gij — (w-r(N))2? Yij = 0 88%13]6(/60)

h, =), Val(0) :

* — no trivial node with 0 harmonic

Estimate: |h{”| < bB*kEK12™ — 1! Results:
A

e €&; £ dense at ( e-plane

elliptic: ¢ < 0, 4
— >

033f(Bo) <0 /




e > 0, hyperbolic case

common to all € > 0

A
(8,233?(,30) < 0)
> analyticity region 5

BUT estimate k!°7
Need k!? for Borel summability (but 37 > 3).

Question: is there uniqueness 7 Are others’ results
the same 7 (Delshams, LLave, Zhou ¢ = 3,r = 2,
Treshev € > 0 only)

Inserting a node with 0 harmonic (= v # 0) get

v 0 v —>Simple modification of propagator
o—<«¢ —<« ®
1 10 jO ] Let Mg o aef 0 2—0
0 €0 f(Bo)

52'3' 51’3’ 5j J
@) 7 v (Migjo —(w-(l)/)2)

Can form chains

40" ---0----0—¢0
i 0 Jo 11 J1 J
(wfsz’i)z N (w'ly)2 (Mﬁ)k and can sum over k.

“Simplify” trees by excluding trivial nodes: price

1 1 o0 1\ _ 1
(w-v)? = (w-v)? Zkzo (M (w-u)Q) — (wv)2—eM
BUT Z:Mﬁ <17 NO so we are using

S22k =14+2+4+448+16+..=—1



oo k —
If accepted W = ﬁ k=0 (M : ) 1

(w-v)? — (w-v)2—eM

gives € > 0 “easier” than ¢ < 0.
For ¢ < 0 expect to exclude ¢ s.t |w-v|=+,/—¢cp;.

Key: Siegel theorem
Given a tree 0 let N,, be the number of lines of scale n:
ie. 27" < Clw-v| <27 n =0,1,... IF no pair
lines ' < X with v(\') = v(\) with only lower scale
intermediates THEN

N, < AN2—/7 [

Trivial bound (¢ > 0):
[, 07" f,. f(Bo)| < TINV'IFk < N2k
[T, [propagators| < C? (T2, 22nn2_”/7)k¢

number of harmonics < (2N + 1)*

number of trees < 4Fk!

Convergence for |¢| < (N2(2N+1)£F32—8N Zn n2—n/T)_1

PROBLEM: there are LOTS of other chains !



