el

- Laftfce ‘{QI&M theory | [_rPCL?-e o

iSﬂaCe, (B—d)ll / // NDV\ 'Peo"‘{’ufba'(\\/{
| %f"“\g I{II re?u(arl rehon of QF
| l’l Pravudcok ﬁj dseret A1
i <7 dp Space —hme (Euclidean
== _
( Eucd ean ) ad = (thhCe JPCLCMR(j

jMos (msder W/?lperwbtc (a‘éflces) hut~

SOMe/(\Mes ag ym ey

o Kea ?om-f L O cm“oﬁf N~ Vq

Combwed with Pocth lv\fea/w( —)Qwr/vtu(mﬁon of- &M

lathce ProvideS re ularizaafon [NDEPENDENT of
Iperf' -(/l«ij (cm(«k Souy dum. read)

= Can addresS fpundathoral 1Ssdec
e.g. are chrod W-—H/leov\es n)e,U'-o(quac(

Conhnuum ((Md— 8 aqa—~= O .
‘I\/ULMer('CoJ S’(Mw(odhcms ooy hon-— :,oe(\'f‘ .S"H/m(ﬂ

0:)f XRFTs S’ff??f\fj—— Coup(/\@ Loaarn

s CQ CD at low emefj,@ (ﬂ(, N A Pruc{\ud (LC‘(>

— 'll'r(VlaLL 1% SCq(ar —theorveS
i [‘ﬁh'F d(/aﬁ)m (N Vleafbj C@ﬂf%/‘Md»( —theanes ?

0 'A(/(ow d(ﬁfefezd’ Sevies ekpcms(cm_( cﬁ .ukcd‘v()—

Mefods  borraved fom stoct . Meck
i S’F/Dr\j (u/tj eecpamum

— Meam-Freld Mo dS
— oriheed Phenam £ unverselc @



le\a(/(e/\je\g _’éof (=

. ]Sreaéts Cm\‘ﬁmuous CE(Ac(/Lo(Qa/\> rOfV\ S'jMM

o Calculafes Euclidean coweladors

— need fo C(?\Aa(v’(‘t&a/ corfinue o ob‘(‘awl;l
pﬁxjﬁc@v( Scwéle/mj c«mpls\

0 !\/cc/\/lemc@'u(lg} (']EDfC-eO( fo use (ﬁmcﬁc Vﬁ{)
Ad 70 &L other approxc

We NU(K‘ e ((v\ Pwa) hav o deal w/ et

4 {/\CL ‘VLQ, 4\5-/"/‘, .



I.5

gaSm resalts Hom QET

Discuss w wmtkgt of a ~ea Scala ;ﬂ@(a(
< notutional sm«p{[c&f?) (’%/

We Caln defermwe cx/eroﬂ'w:z abad a Q@FT
(af T=0 ,at ([east ) Ram ik -orderd cow, fux.&

(0, T{ C?(XID {;()Q.)—-—. (/:\?(KA)]K [(j‘gz q'(‘;,--.)‘a)
i A ,

"~
/ 0\ v fPV\ té‘)t‘/: Al‘{ vacum
Hetsenlrersy op - POS (oA
A ] -tr,X L -tHt + v . X S M ('V\
g’(ﬂ = Cf/’/o,) & ,fz)/r;) i
I A/ WML
: M q ()(,/ X,_) 'S PPO:PaﬁanZ)J‘ ('f“'.‘fj f)osam‘c)
Z -
" Fourter treansform o) e |1 E 4 regular
ousler b QC ) LT de

MOB‘&) 4+ melat
= ’Pc\fho(e_ MASS

| €9y . C(L*Cx, A Y , XD gues , Ve LS Z rduchon
FNMW\, S'Ca/y(/(\trj.j mp&ﬂo&



X

Put kgt g (o 1SS
Gl jEDCH e "’c#(x,) cprrn)

W i
jd“x["@xct’)@ﬂd’) i W‘F)]
Mulonsic N[ = SmidTa N Y

@2 {T{Z;Z}du%wm lo; >

NO!—Q Srecﬁmc&.i‘ /l/(eﬁ h) (Fackafje “f&€§r€ CNY. (cutg uxf\,{j

9 S/vt i S ® S’Tix) bk ) C(i‘x, bvz*'f’(/\

«—Frﬁ(é{S N ’ﬂ«\e r(’)uvufwvxc (V\FAJ/CV\CK P/Dcucozck ij %(ﬂ)

TG s nie Reomalom, aud usefil for developwey pert-thy
bat is less (,Uefw( uﬂem Ce(/uto{eu? amenced  S(Mulochon
I Sm

: SO e s
£33

’ﬂ/t 'pa«ﬂ\ W\./c(jf‘ov( (S (f&/\/‘iw( becamse # o
facksr, whith €< an o 5cc Uath 4 wow plec p hasR Uak
cdoes not ol,ot/(dw(j [eacl fo c;Mv mfeara,{

To opfan a well defraed %mﬂfy/ we 50
Euclidean Me

X4=2T
(gj 1, )
il U J

+—= - X
t‘rm~

LY Coam poet™
ﬁ*ﬁ Euclickesa vector




ot |

-+ Sne we wl spend almost-al{ ow fae i Eucliclean
| spoace N curie £ simee Hig “Wick rofation”
M wit be- oo @Mc(mf *('mam ) (et :Pe.«o( a (cffte
e en cF .
s an

o ’n,(,(j amaboﬁ'c Ce\/\‘hrta.a.{‘lOV\ 4 C]n , IV\'n\e_ ayercd'of‘
| o el b % L
D A q.—l = A s ¢ ( .
=g J &
P (x) L e i”/o
A
2 P(x7)
/.t/ (Q(I,X1/>(§,>(Lf>

—

| A
~ Assume H s bouaded belad Jilgd.dl consk. sothock> ‘
Filoo = 8 (£ F 10727

(onsid e vﬁ/‘ @(m(!e CIZ (R 87 e & 7 D

Wk i o DY SN s A -l
> G (XF, 0 )={o[e Py e e'TF P foy

/]

e

— Wik

~—

>
V&
/
/
/

key pouct s by AW{ZJ‘”‘EJ e )
C’léckﬁwl&e_) eand wp witihh e L
ngs Fead 031 e i .‘//

: i "Em X §- B .—9 (C/{f?v( 3
. :f /<OI ‘?/") /“}‘ oo q.@ il rjfma\(zm
n (%> o0 )

SUum Ve s bu[oj n
has chance O#Cmve.fﬁmc)

(Mma,w] ?Pe.c,fm( o(eyu{{\j %‘%"i" (che a Pow\e/\
0]5 E 50 eypoua«(vv( Wins ).

N.B. Exercue ' check Some holds when £<0 due
v TMe oderag




{n a smilar woy | rotechon of aMh G, are weld

| defbined .
What happens 1o 4he funchorad tntgyed

‘ C (Q(M ' //// de{-}v\{ci AS c”’fdjcm'f&oqk al/}cv*(

L

ql’\ (XIE‘)XJ—Q\) - a3 )<V\E.>
— Sgldd

-fﬁbw T ) §Uet) . G0

il == LIk

%Z (p1e

SEEch s Fuclidean achon obimured  as follavs
.Jd‘fx .-QMPD — V)]

(@) Ja% [~Qud)ad) ~V(e)]

ax; d, dx, dcy

=Selgl

Tl

j)<0=‘t 7 =1X4
Im)f'ﬁ\ are

(DK\) c)X)/ ng 5)(\{ )

Contacled ¥ Eucticean
(Nne {Vm(,tw("




[+

4 W
-1 Oue can derwe thuy clam (,%C(dwrv\j Ao usuodh
é/f'hc ime etolutiov &P IS AW o= ﬁ)qf

1 Nole hat S , In Mmos+ *Hr\eof\\es) sgf$3 <
- reat & bpounded bela o e dlamp.s
"1(31’\‘4) o)muaf(\v\j «ﬁda(s (v huch have (av-.je SF>

| ﬂ/ctf;&‘ the Eu didean path {‘@jﬁr’v( s Much uA e~
' 3 ( 3 ] / .
Athan the Makowsicode . [gclted , when we decrehee
5{) A t€ ;—h/\«eé +to avod UV P/z»!af@vu , wet ?ﬂj a {ﬁleﬂe(/j
wel] —d eAfrned &éﬂ/@ﬁ{* ;

conhnue ow- )Cmm(ashcv\ Fens “hack o

we hawe [(ost nottui g,

'i Since we can . n ?rmc:tp(C, amacbﬁcod‘-‘j

M kowsle Ame P

(n prachcee , however | we have ((aqmeo((r.?omd’lwﬁ
Cﬁmwxc( .SWCJ anre easie (n £ cly clean Spacz)

 d Cf,[t,aﬁva ({Ioﬂ-((q (o1

(exeuied & L Sccuékﬂ@ amps e hovder ).

(n Farﬁ(/w(af, when  Calculatiag 21 r\uMen'Caﬂ*g/

—

we  canndt- do AHhe f‘€7taln¥c cmq(ajﬁ‘c
cochunaion N o cotoled wouy:

e > 7P ~iEyt
7= M et
N n
EV\ C/(AO(*E)(:U\ N Mu/\ &:() IS¢ [{,( .
DO/\AH\& R’c«( ()uj cz/@{ < fZJf y ngﬁ/\ﬁ/o&/'(’ |

fj ZAVIAN c( .}'f-'fga ’K



(&

Asrde PN - ﬁdﬁ(%@@
e. 4 Cov-elat rs 0(&)@(/\&0( 63 a4 Euclidean Pa;ﬁ,\ M/e,am,(

can be Qﬂﬂ(pﬁm,uj Wk_hVLMQO( fo oéﬁ?(u/\
zPCw\g{caJ MKowsl ¢ conreloction '(luu‘

"Pl/ujg.wu( here weans deccribed bj a Hlbet
! g(mwe_ ' ’Po&‘hve NO rn (l( AO@(AOSﬁ'3 w it
Iz\ermc(‘\av\ HotMc[ﬁMLa/\ H boundeak beleno (§o Hueve (£
a g/“oa/\d,sv‘zck =vAcwtim ) . qnd on which
Powmcaré (nvavance 15 iMplemented by uncfry ops .

47/16 aAnswem Wus PV Aded wn
k. Ockrwadde~ £ R. Scwade; Coum Math, PL-J 42 ()2

;he Sg is Eacldean nvaviont ZSO(4>M@{\3]
| =7 Eucliclean con. iet//LS dre. mvaviart (r{-’;y scedar~ -e/(d,j)

L cor Lens are :ymﬁc,e,g, C{L(X,E\,VLQ
; i qp(’(zk\; ¢ ) '
(anbpomaticatly fue m goth el formulatian )
4+ REFLECTON POSITEVITY  holds
(disaissed n Mc)mﬁwﬁ £ Minsfr)
Ahen gbtalfaﬂ{‘QZO( oot can analyfedly

conhnne Fuclicdian an Eene £ obbun j'obuﬁh‘cw{
M ftowsha ones.

NB Thic cloesnt awcxﬁf hold €t | 7({@@@0{ Qb



N

| Aside on Wick rofechen

We have described s as L =-1 X, .
However, p Lid have polhaly Sapn g ?/\ev(m‘stj as o
- mathematca *(Vlcl( fo evitlualte Feyﬂ/t/zam a((aﬁmus

| MMMB el L. { want fomenton ,

5{Mpe9(4e&(q/w(>le i a 7[516{(90 d(&{ﬁﬂ/{/\\ Q

Q,T:jowk I fdg‘i de = W= T M
K*em™i¢€ By
\E Cilv.e/\ (€ FO({ PNScr.p'(‘\“an
i x can rofete cantow
= o as shawn ((ewbkr clockwin )

\ X Re (E)
: > ___7 { (/(Z[-> il (7()

s \S subtle fv)

V
k‘l’ o0

So T = (3K (dlk) —p——— L e
i j J Lf‘”ok +\§\ i m

Can dn,}o;

iSI‘ML[dr rotle work r]Q&f A O(Lagrwvg) as /onj as
 aleo rofade exfernod momeatq,  in Sowe way
= can rotfafe einhe —(/L\gmj‘

?C”Lo(& O;I{L zﬁn in QE) (:wbudr\ Y Ma‘ﬂ\wd/{'\fa—u‘j -Frma»” ’MP{H/
Q00 st b, - Py AP0 A7 S e <

so Mt T—dmuzriﬂmfo/wu have Euclidean 1A products
in fhew phatic «,Cuivﬂ



PG

:Le,%/f end g A scusscon % pasic ot (= wafinuum)
 reaudb ﬁj refurmine, fo fle tuclideoa fwo-powd _,l%,/\
b .s;e,u'rxj et we tan learn Ffom I,

N

We assume Oaff'n\eovj sahsphes fhe Orf axioms so-thoct
A /‘_\/fa)((s/ﬁ)dsoued (O?)K choose H oy = as abae .

On @ we found 5
R ~Fa Xy
UME® S S e it
2 . (X70)
j §1M¢lar<}j one Finds
: _ T
(o ey = 5 re ] € R
| i (¥ <o)
= as [Xy]meo G, always folls off
asgmptoticley o€ o Eo” /X%‘l-
Can example of Cluskr deanposihon )

+Ey\ >/['L —I‘Pn.')c
i

EV‘M&" s the lowest enery state Cagpledd fo
Mo vacumm bﬁ % 5 € Mqvl(/kfj ‘H\Q Cang

A

Apartm Mamlps “as o
Eq . In c/f\ff"ﬁo then 0> <ould be [T}

prim ey BV T - rs
each wth awy Momectum



it

| Te §(M()((1£n7 OUr KPreESSoN | ASsume. Parihy invarmw

* = £ Here § o sbde [y W (‘Er\ , 1\53\
| Hhen (L o ansthes de7emem(€ Stofe A >
\’y (E"‘) '7’/\ )

A’(-krmﬁudkj q)_[XE\ o> H\Va(r(ad wder X > =5 .
(/(S(Mj ed’h\@f 7"650&«(*) we can wrfe

N T #ko/m} >l e

~Eal X | > R

Nc‘)w e,{'ﬁ Fourler ‘fmm‘é/\n N Space

5 ¢y &P TG0 -

r 3
?f (o] Lp/o)hn;] e szsgq}o“ﬁ‘)

ooy i 1<01({[>/0)}V\>\l G‘E\IYH’}
Fo=F
) GZ. cd'qen(wﬂ\ ic a Sum/w%@u{ ovwr o]

Sfxdes IpecMM with ]>,\ qD . wugkket bj
. Bl A = Wyl =00 | lightertduch
State downnody [ Mm/v\\,mﬁ a jq(\)
| Can read *ﬁL ,_?M“‘
> Con gk EW‘+ a fu wafed chdey wW/ont qv\cuﬁﬁw

O ;



LC‘U;§ Pursue ’HKIA CQL(C(A Lo&:{\&/\ Fo bLt(Q/ &,\(}( (4\1,1
the Case ”E;K a %}} scalar r@@(cfz weth Mass Mo,

Spechums |1g> E-= VE"L:'F = Ep

[’/(p to now Welve assamed aon-red norm  LATA> = !)
bt aad (et uce red. nomm,
4\

o marierdn B~ 20 7
L

Leugtw‘ f»u -
(»"-H,Cf &]l?’(»’{"e‘d )

> (x50 = 2 [0l Plo) = O
7

2E2y
T x = o
\de 6/% q&(;(% = ‘(0 ((?(o)(qﬂ Q““E}(’ [ ¥t |
ffé]-dc - ’ ZE}%M
0“5(3{*; -—"L{ln,@;k’ ~vHA
omMent#)
Fuld Feurie fensfam (g4, ‘C{>
: = Gy Xy rgex = o) (
jd Yq. e ‘(C/?x{’, : 4;\()( C;z_ Ci/g)
vV
, 1 o 2z, ’,«DD —_ e e Ve
= f4°"{’\(0)lq>/ [ fdxzb R
- ©
Ly : - ]
s [ dxy e“""fx‘f"'“/wf«fj

~ oD




il

['(’\(o)l‘°>lz" | |
SD; Qa\(q(:'): <O CF C’ < ; ad i Ex s )
| 2 &7 \ Ep Py ” ik b s
e TR R
7’2_1‘;‘:; ,
et 8
7+ a8
il fe
T c?\(o} (1)' |
“’({U@ s uwcg QQM‘ ‘_‘__E:_,_\(N
‘al d -
a}(\,;(/d it éu Re cale preukd’ foO/W\

| 0? Euclid-ean Pn.ya»@od‘w
iﬁ cwmuj ﬁc«ﬂzj continue  bach fo Minal momeds
| il G2
Ahen G, — ; i il

—E 4 ZID-eML (Fz“" 5‘95]1 )

= USnal PJ‘Les dvre recoveed





