K A M AT@%&@ }ZM;WW Wﬁ%

A W 4%4%%{

07@@%0% = Wf/%ﬂ‘%/of%)m & INFN %ﬁ/

o vomicts, Nokearals
Santeio Dasnario

aae of s




Glaspool mmectanicd
%WW@“—%W—/@M (KAM) theoeemn
Ho = Ho(T) wntipealts pllom, [(action - areghs varialis T, ) eRx T ]

Frnillor equeations {“’97 = V5 (1) = ()
J = ~VgHe(T) = O
= T() = T©) 4 conewed (it
©(t) = (0) + WI)T  (anpbo)

CW%)W@&@ mstion on e Torvy T at T = tonst

> J&)=T0)

-



lorniove @ omall podiviheliny € <</

HO) — H(T, &) = Ho (@) + £ V(T, 1)
T(E) =-VH = € Ve, VAT, %) %Z@W Congoeved
Y(t)= V;H = @(T) + & 7 (T, 0)

Gheoeom (KAM) [1954 - 1967 ]

Dowme 1 @W%W@ ond H, %mé%wwmfé[( %;Hmm) MW/%Z%]
Homme Gint e Towaw G=300x T Aay WM%@ w(T,)
MJM@“@

W, - 7| > )/?rsm% € Zi\%%/ fot Asmme
?§>@/ //ﬁ>d—4 (%ﬁWmmﬁm)

Cron J E>0 At ¥ Ee(-& &, | M euild a

MW@% %Z@m %EJM/ZEWWWWM
Ao'ten ‘G



%O —
(L~
— Ghe aniliong on G m/fm/ﬁwm&c wilhy The dame %@W
@UO @%mm@%% go

— Che 48 of Deptrastine inaastond toee via Contor ol
St Conpulomand A Aonte o fas Lolespue moaywe O(VE)




Dot Sy sters

- Wﬁ%myg
Amalll fpdivchaling > bvge duiading
~%M4%WM;
4%%%%%%@%% S el dviiationd
%W@W
Mﬁwﬂ%&% Qe RO ed
MAde@%Z% e e eotiwd Gian sTwrs.



Fellors

} 2 &Q%%J)
éé%‘%/ %Z%%ie %%%Wﬁ%@j ?Qﬂ%ﬂ%% é%ﬁh
NNV Z Qé

m #6 =d < +co
%/MAW 56, dom

Feamillonian H=HT e B(7#)
ame

~@fH
T —

Obsemabies A= Ate Bl#)

T A, = A g %@MMW? /mm
> A=



At:’Q/ A L — sz'tg’gz
@ ¢
/Q/thANA Q/(th:[Q:th/ /D&] :O AVUCGR
0
[A)Hj = 0
%@WM 7%@% W%WM [%Mmj
A p]l=0 < P h et ol Yger

Fomeltonian WWW Wilky Cogocl & The W@
Teomadovmodion 0° WW /&% A

ﬁw@ S 5=5, & S e fHY

IHE' =1 A B(6) « [AW)=0¢ commutant of H




"Ghe Aﬁﬂ%@ 07// AW&@
H = Z 2, B, O/sz%% ‘st dion < d

474%(4%5%%(193 W (ey#2;, ktj)
P =g P, BeR ‘2sz4 WM@M

Fe >

=

WF

47 AWM&@ /u%?% S =

H= = S= %W@




| , m,
SQ%H% AWM&@ //%72 5?4?:4 F. S
[AH]=0 = RIAHIF =0

O= R (AH-HAIR = P AHP ~ R HAR = (2 -2, ) RAP
Ap/j %f /&k P/k

S R AR =0 4 &4y

H= = &= %%Mw@z




gMp;%@%ﬁm

SelHl! < S-Z2RS8A  (ddpmpdiodon Ik
mel o Li )
me B{#) — hny fregpecliin. ot
A T(A) =3 B AT The domordont

=1

S\

Sl & S=7(5)

mu

=T\ = Z BV, "Zene” Fbomllonian

=1



11447
T
|

Vo, = TT(V) = 2 LVE "Zono Fbomiblonian

/\

H o~ (K H+V) Q_Lt(KH+Vz>H < 2 {m jK_ \L\/H<4 +}yvut>

"
ot (KH+V) _ @—MCKH*Vz) N O(%) 4%%}54%% o)
ab K = Meony eoupling bmel

(P Qjmﬁ:b\/ )% _ pgq‘,;%v p@y%vmpgmg\/ _N&_WPVP
-~
1 e

0y N — OO



D

What hafpon if

H — H+eV c<={ [Iv=1)
| sebif Exaa
<= L it (H+eV) _yt(H+EY CP TN
= = ¢ S e <+E):S+O[<%)
0/%/ poctuclation Hheoty Toit &) Ve Y5z sl
Tvmed a%ﬁm%iézwmﬁ

?%MM%W@ we eall S @%MWM;;Z



<=7

5=0

—

‘ At L (t- ' eV
LOU(HFEY) _ patH L PE=SH Qw(fﬂ )}

ﬁf : ‘
_ fcég d[gm—sm @mgw%w]

\JO S

: (t-OH S(H+E
= [ ds QHUEDH gy p#SHHEY)

t , 7 e |
\\ SA(HHEY) Q“Wil ij de © Ha& @HV&%@HEV)H

:j:ots = IVl = etV

Oet)

>

Sy = [ PR L o] < gyt

T\



i

4\<&PIWAUW>)

EOVHOINVEDY



(A% — Al < 2 1A et _ o T = 2)a) 56

I 2E — ALl =Tle oM HEN) ) o SVE(HeY) A ol

A - AL %)

/UJCH< ~’UJCH UD@HE\/ _4TH @t(HJrE\/)) —UJE(HJrEV)H

[Q/ LU H /bt(HJr@V) A] H
_ \ LQ_WH Qm(wrgv) B 4 A] H H/A]:@
2 || Al (| o 1 tH mt CHH-:\/) ) H = 2[4l HQJLt[HqLEV)/@LtHl(

186, - Agl] = 2 1IAISE) £ Zet vl =0()  Jor t=00)



%5@ AW% - Sf :E{/WSE@M:S
(95 —~sll < 2et VISl = O(€) Lot T=0()
%OW/ wolae Tt

[5F —S|= 5| +ls!l=2lS)

maxmm deftance = 215 oftamed f  Sp=-S



& pgmmitng SELRT w1 feogile if Ao ot

o poilvledion V=V'c B(#) auch Tha?

Lit(H+ev) . —dt(H+ev) _
gt || e Se sfl=0M) V@OW

Eronlnlly, Joe peffiiontly bong Tinen, o Geeomss O(1)
|5 - =l = oce) fov fimes T =0(1)
SO ferlone 5=0(F)
o divocgimee tag inerondilly Qs e over L
Mt doed L7



2,
2, S
H-— —3‘6 S'__‘ /54/)?< 5 /@M/%
) ) the e
623 - %@Wﬂ,&%
s 3
Slw> = g,y Sl > = s, [ U, S, =S, >0
A
V= [0y > <o | + [ > <Ly V= 1

B> = o>+ SART

Two — dumensional W’M%@



e, ()5 = o PEHEY) gy S @“W(m@ (> = 4 AmEE) 11, > )

b (Heev) _ylL

2, () =2 o> = &7 (FAamER) | > + et 14> )
135 - Sll = 55 |winet| t=T =0(%)> [I55-5)= 00

S W& Ve
I<%-9)| 2l
1S,-s - - - /[Wf :




U, (£)s = o FHAEY) [y > = @’m(mg} [ ALy> =4 AMER) [y >)

&t(H+ev)\

- o o
U, E)> =2 W, = &0 (A MmES) | AL, > + LerEt) 1AL )

SE = S U, GO KU D] + S, 1, (D) > <a (1))

S, Lo ) + S, AMIED) L©&,-S,) Amet) od (1)
Si:
1 &,-5,) MmEL) i (ET) S, A (EL) + S, L (EL)

(.- At (et)  -i6 -5,) 4met) e (et)
=
SE oS =

L@ff ) ML) et (€1) (s, - =h /WWQ(EJU)

dimet) -0 enEY

St — S =<525ﬁ4”@ﬁ3<4@m@m S et)

) = (5,~5) An€9)( OOy + 1inlEH)G)

195 - Sl = | 5,-5] | amEt) < 2SIl [wm(et))



CBicommetant 4 HT

SES- A S
C(H) € hHE < 4HE

tH = A
J Aer(¥0): [ABI=0 ¥ REIHL ]
r%gﬁH)eB(%) - LR ¢
:%EHQMPK F 3R >
e IChL: =
M;Wﬂ M- K K : [/2@:2— :
- % = Oy k. I @r@ak% / Q%GQ%
- . QecC ¢

Sec bl i eddadl T



<§<QD) >§C€m>> R QQO) Qpy ) O )

2 2
QOJF Q’/\ —QA + O[/Z€1 + A OJ/YI/[*“ Q/4 —= f(@,ﬂ

o 2
Ot 0y + 0,07 ., Qg , Ly = 5 (@m)

9 -1
A o2 2.2

O I G
B : qu g j /]53

4

)kéfwv

7O T A M

6&76 V=" CQQ = /Qio Vorvedoemonde Alvrennniond

4éj<{<§/m



WMM M b

V=T(V) e |HY
S =§(H)e LHY S
. S
[S,Vv] =0 -

= 5 = |
= 5, = itk
=L SQJW

S =
JE—SJC:S O oritieved
ty

S Q/@t (H+EeV)
= Q;m (H+eV)



%@QW \/%{Hf’ AL M%@W%W 5;97:51,
Tbowerere , me have

[sE — s =[N

H [vat (eev) _ ot(H EW(\/))) < 4 \[Qat (H+8‘W(v>>) 51”

= O

< %H%u Hm@) EQHE\ EN [Q@t@ﬂ%%ﬂ(\/ﬂ/ S] e

It - 5| < 2(s| HQ:Lt(wgv) B QJ@WH%W(\/WH ~2)isll 5 (&)




SelHp

|55 - =l < 208|l 5 ()

%Z@:“sz(#/wav) - Qmﬁ(wyr(v))“

One can preove Thal 5, () = ;%/T@ e VI (4 + VIt

kit ) = g | 2~ 25]  mimamal Auclial gofe of H



52 @ = 0€) Woggt))

Notiae, ot Thal

| /
IS5 -S| = O(e) %%W ?:O(g) 5
Bhe mpmmilty S ) WW@WW

Se4HY NhHE!
Se LHE!




ﬁWwM%M@% : gonce Veln?t  U+Tv)

(S8 —s|l = || <M= g

| Fb (e it a%) < 4 w [

A — O
3 v )
seul W, Veart = [V 87 -0

1S5 —g < || e PHEV _ G HEV) || i) < 2)g)s.,

At GJ[JrE\/) @tCH%EQ/B “ _ Q(€> Q
—= e — L N
%aa % H

MAIN 1T DEA:

Feppose thow excity a wnilay Uy , else 2o
e idintely  Ug = 1 + O(8) , auwch Thal

Hi eV = Ug (H+eVv)Ug Airdpucteat




c ¢ JE AN
Q?%(H+EV)__ oV (H%EV)[[

O = f,(% | L L
_ LT (HEEY - + o T(HYE U
?g@ngQ' e ¢ |

— % J)[ug)g/ﬂlfﬁﬁntg\/)]“
A H[Ug‘4 ) Q/@ﬁ[H%EV)]H

< 2 U112 = 2 = oty [

A
>

Lgmi////%ﬂ— apee (HteV) = e (H+EV)

/N

HteV  Hrev, W JHg!




Sooipuibeal WM&W
= Ht pudichalioe H=H+O(E) g <<
hivotgence  5(6)=| ¢ tH _ path)
m moa
Aenl) AN H== 2 kK H”“EEMW
S 3¢ oAt k) (Ml Loy be 0= )
CB.=B,+0(E)  =0+0() [Helo]
itH ot - 5@ e s ibe MPU

£ - p@
E @/btﬂk(P/k ac 2 /b't/-f//k /Lﬁ > P
2 T W
. Rz
Sl = (8- R) | < 2R -Rl= 0F) ZWﬁm@w%mm
0, (&)= \\%@W’h 0B | = mox (@W“&ﬁm”‘ = k Mt 7, /%\
0(g)

<&Q:%ﬁw+a£®:iM%ﬂmM@:;?M+CX@



>(t) = O(&) Jor £ =001)
- = - A
bt 5(1)=2+0(€) Wt %WT_@ “O[‘é?
o (£)  tcalwe drelt
O = Al () = 2
gO@ - QCg) ”;742 «(O\:k: Ly V%
i e (H) = Apec (H)
ZK @//UJU (JZ/V/K B @/W@kﬁ P/K N (ijtg/’/ Q/fﬁ&% ")/ﬂéfg/fd ﬂ(@/b‘fﬁj Z@ﬁf{wg(iﬂ/m)

(M
m et T "

t=0(%)



KAM  4loealeorn Achume

HeeV(e) = UQ(H +e V) Ug el Q(@: T (e))
(A = Z BAR
U = % k@)= €K, + 0(g?) K, =
V(E)= WV, + O(E) V, = Vi v, = TN

H4e V() = U-iek V(H+ev)Uriek,) + 0(e?)

W :/@[H/K41+ V

T(CH KDY = ZR(HK -k H) B = Z R (8K~ Ki2) R = O
= L =TT()=T(V) =V, 1) N, =TT(V) =\z
iTH K] =~V ) = = Ve 2) ALK K] = ey

\/OJ}{‘: \/—A\T(\/B: %k#@ Pic\/?ﬁ —= % PM\/(/L"P/K) %ZW/

) -



%OM%%/%WW %ﬁz /@
AlH K| = S ()

PR (MK - Ky H)B =-F VA e ]
vk~ 2)) BB = -Rove

FHPy = d @%1va
£
<, ~m§ ﬁé\/? :&(ZS:S\/?Q‘
k.2 Kéfyﬁ QM”

(H-2)S; = S;(H-2)=1-F,
@w%mw%)%mzmw@wdﬁkwwka&M:G:

.-
Kw—w%3%AVP3



Ue = 4 44 £K, + O(e?)

it AAGEERY
%ﬁf%ﬁHe/““a”~iangwHéiwwg~Mt28WqH%©@6

1
IKall= Tkt | =1 = S5V R Ve = 215V R VS = Z NS

J

S =1 B Pell= 2y [mg =

= WMﬂ 2 —-25)  Mmenpmal %@WW
Wll'< = 4 VI = ;v
)= n>

I



Goe ol sromd

o SEARY  Yeogile if JV=VecR®® 4t

sih //@“W%”s@—“W‘gvlg;]j o)

teR

SchH} ceolm /é% <L mol W



S et dymmiley of H=H?, Chon The fotloming ogpueliins
MW/MM/%W

1. S 40 restunt [ Ao% “HH%V) prHHEY). <) =0(€)
e 4 VJW ) VI=1]

) < e %HEN
2. 3 c=£,>0 4.1. Y V=VE€B(#) :
W // it (H+EV) !@’W(H%W—Sf)é e viis)

(VL
Cpy < Ml H== 0, T M= i | & ~2 |






%W
- %W/ PF B Makardt, S Vuoario, %%M

‘ z
Genvealored adiabalic Theotom and A%W? @WM Iomeld
Tt _5_/ 152 (2019)

- Y Purgerth, P.F., B Makardts, S Vasario, K. Jrasz
%,%A 103 032244 (2021)

- . Burgartt, PF, B Jakards, S Varario, %?@Mﬁ/
W@W» Wieszedd - Mosers W&? o conaeved QW%
Phyd. Hov: Lot 126 | 150401 (2021)



