:F VYW, SV the@ wol g
% s
Tuterseckion —ﬂu@o\ra,

Sebostiow Mizers. (I1AS)

ke?-u,./ 200). \O43¢ Yewes

baged o (oovk wilh Mogkvolio Y '-F\ellewig, Qa:pavd""o,

Padova.

Lapof‘\'a, Mauwdal, Mattiozas 3 Pokvaka

extrewely  towplitobed fuuctions
04 kuewaklie  (wvawauts
2
b . g (een
en L L ?Q)(qu.(badsccu. Mg

_—
(J
|



G\MO&/ ?\AA:\IO go!:)\ka' {.9 weake, ?vo&vuﬂ 3

wouwwote ¢t
P

&‘s to (M\abcu\ Vour aolR$

Gow.rl&x md»dsn => ?W&SCGS

louwud ¢
(vosSwg S Mwb{:vy
d[/flaw&:ou. W\. adnout % a
omomolowt tuvetuddg Regge bekawour

u@’rav&*a W bdaods

PREFACE

One of the most remarkable discoveries in elementary particle physics
has been that of the existence of the complex plane. From the early

[€amn ot ol. " Tle Auolgiie 8- Mob'y.



Bub o towse the kivewakic oe Us wab e‘fxﬁﬁ 3 (W5
an.?\zx plave ; Wt Was eaw  ubueoabe %epwkvxér!

AL%e,b‘fcqu %QDM’V\&/ 50\;0\;083_ => ?L.y&\fcc

veckov yaw Q(, Feﬂww.o,v. &Mke(c]vo.\g
bogis exrm.d(,o».g

O\)LGQJMVC\L Qﬁua:l: vous

Twis (dra  was bmg,l,é eomsidered S Ao early  ear of
e IS~ wmabwx ‘t\»&o\c}

| Fobleds, Trolstorb, Lagttoux, Puow ‘ 60&]

ey watbewarles ([ Aowiobe ek @l F0=90%]

dtsiouwal w%w\b.x&q;odo\:o». L Bl = Glaubiage,
't Hoofb- Veltmal 122 ]

Modere venival  welng " tutex teckbon mma,“ C ol talk
Cuibie Mastvrolie o al. 18—]



Twe béfe.s o‘(, ()w‘olew-—s we'ld Oke +o AM& %ema.u&
_ga.\\ ks Awo Qpc’ce,%ovcn,x ;

Ho&’c\z Pmb\rCc,oJ./: sh*z-al.—tb@ -act SM / QCd Oow.law‘i'oukdws

= Y efped;  YTL

Mu‘&\a O(lo‘) Scalar ?egv\vwauw

dlo.gwom8 to exahde.'

But 1t vt out tuese ove \fw,ae,b.& vedumdoult | auwd ouLa
O(19%) ave o.bha.“% \:wo\,e/\oeudzw'b > basis !

HPS’t\lé .gorwwﬂ»: mo&a{yc c.H} ghameture ,  wiounloox—
tleovekic as‘;e,dcc. aeo\»ei:\nd,
exterwal woweuta — Loo? wowmeuro ——
{
3= :
lAAANAANANK KAAANAAAAT= | N
Wwove /
O\_VOW\AA

Al ewcopsilated by difloeukiol  equatios, scbewoki cally

o YT = 24 JTL

&



Outlive

R&,W(m Low +e \MG&ULQL&t SC\»au\&wueS 0_(:
.‘Fe\auw;aw Cw‘ce,%\ro.\s: ﬁeowtvg e_(, He Zuoo‘:
wwouweubuun poee.

Model #e wechor &‘w..ce, o,(, :Fe,a,h\u.av. Cwlciava.\s
oS o Oo\mw\;o\ca% oo o_f, tle Loor oL scbuun

Ss:o.tz .

Tuboduer o ‘ gcalav F\.oe\w.,o‘t ! bekwoeou 'Fe%“wqu

Cuch,gra\s £ >o<” ‘ pu > = yokiowal .\’_wd-{m.

?

ohat i \m?a\dc awsgexb 08 G 8\:«&%{: Sy umtev:{-au,cug

l;oop wmowmewkto —
%\\’W\Q’ PMS of Sealavw F\loéw\.cig
‘e Cw\w%wo.\ Locolire ow Hwe
gSlhould e %owxv\,ex) SCu.gmlch tles

\Ja \semavCow OM&\&
-G\m 8Cuguluw’¥0ex




Lefv's 8'\’&“‘{'/ i & SCw»‘ale, Q.XM‘:U?, e_l_ o .'Ftanma.u. dA:o.avo.w-_

f P2

4
(Z=ed) epY-ws) (- )0 - )

-—
-

zel\

w,amlgut Loveutz
WA oWl  gud U\// IR

Siw gwl awtbres

U0, siua\A axibees

CLope, p b —

UV/ IR sivgalawties wibawiy



W dimentionol vegulowzebiow: £ = o g

L,_'f’_,_ ¥
{

1
. 4 Loveutr vectors
v . h2
P \;" 20 caw be ewbedded 1w IR

LOoP Cw‘\e,amw tokes Hae _[Lovm:

')
D 2 3 -3 2
al ‘F(Z’ y Lope, ]’L'ﬂi) = dl,d 4 ‘9(@0* by Lo e pip;)

ouba te worw of ﬂ,r waHers

. d2)
= #:A,Q,w W &:(Q}’ ,Q,-Pc. y;-Pd)

ga.(‘,oLCo.w

Fowally, we usice Hwat L= L= 45

!}1 L f\ L r\- L r?

.Q:'r( P(1 F( '}_’1 T(' f?
Lopy (N P i P zh
O O L (I G (R

= 4



omd  LeweR Q,vuamv_%‘s exprsted lw tevucs of 2, L-p;

fr P2
# A d(Lp)rdlep) ~ dp,)
< (22 @epY-u2)( - ) - )
P P Covklusme to D=4-2€

Cou»\a(»*/zbé qenas ol ( 4toke hs'c-):

Liw-1)+ l'(‘%) vaveebles

a7 T, dlety) T dleon)
— m S # . G
T Ca-wg) | \ﬂ T, (g wit)
Ly gerg) @
[ Pockov '96]

addibional wox,&uc waum%um“

Saao L Speax 'eq ]



all s(wéw\cml{—& s

3 S ulaneed

We suould \ea\\% dLs%Cugm}sk betweom extexuol owd
tukenmall  wwvavwoudte ({'«lbex \ouudbe,) ound ogur[gx\,‘_ré 5

X PP = v Lody, opy —
|
I AAANANNAKR K AANAAATSS. |
diwg X = Bw-lo diung ¥ = Llny + 2220

Jut egv o&\lw% wk e lukerwal gpace Y feavet Wl wnte
e ?e)é Nwo \‘,U&Q,av ok T( PP 3 o XK. Tt sobcelies
o AL-(}QWA-,CQ.Q. U‘wa&,iou.

!
o

% fx_‘(
3 - P
U Qe L) - * i %("P'33("‘ + o< ) I
Q) Fopdot o K7

\M‘oab\,- WIRN



Tt s ook o be wwove Gonvelwweuk 4o Alurawie

e A;g\,m\aqcax eal\m,{véou.

dube & w:«l'-‘lAd xa('{'ew- O_F
(X/ QJQ\AA:\:Cov.S : EHQ.M,\A- eb ol ln']

I, I,
D=0
T, T,

Kivemabic diftexevdsial

(X«“"g’% wobwx 1~ #s’fuuu

— S

D= Ld <Py .
2 ) oy

L= 2 O\(r\‘)d\ .9.6'&)

1’!

(tels ws wbere dre SCwau\avaCes axe )

P +a.do) 7(, ol e ok be Le a -boF-\ogcm\

cuvawaut
o_@ Y.
For xoumple,  wo seless  box  has X =0
g2 p=g
.-7

I = Iz = j>< (S.‘b,ﬁ) € Sowe wector slaace,

L SN N

S — {/ T \| = I

e NS

_/
Y
o —
(ANANANNAK } RAnArnr—— L {//"! ~ ~




duwal loages

- /// t\\ /// \Js\\ - - -
DT = | | [ f=Y = KIY|DpED T
\ // [ 7/

ja——— \_,_//

vaa‘,e,ex DT ouko Hhe m\)%&wab basis f

Howce we wRd to fud oub:
Wwot e,xo_ck\,a NS o WSV Y & =3 SpocR due Lollae f bive?
-y 7

Wual's te @uwal spae of T

How to d&.«(ﬁu@ % towrpute  tue (gealor  produck
< 'E\’\ :E> betourom .‘Fe.guwu.o.u. Cuke,%vals g

Cou‘ahe)ce,\»é) qeuenal wowpuhodlont, e.g.,

L = x> I+ (<) x<
+ <Y | B> Y

009.:[:‘(&:&.&’8 °.(. e basie Q)A.ro.u&,‘ou



Glooué bodke b owr Q.XO\AMTUE,'.

T, =4 ,
n| s e |- | e

(PWvuone .‘O-Ck v e;w

wieve din = d(@)rdlep) » dlp)adlep)

?—\= -Q)l"w‘;L ) 21,: UL*\’.BL" Wz?- )

HQ\L(-Q« e {w*ecavol& ‘l;aloQ/ M Qmwsz

dq'pu

CEREN
u
dp
T,% I
A%
2. Py

Srz.c»)_‘léc du.)o.awm P

-‘o‘p \mbowo-fr\/w‘o %va ow Y

I,; = gr' Q/N L.

wo 'omuuolocr% tevues stuee all scuaulavcms
ove \-QJaul abed

(all wiuore of the Graue detevuwimaut ore poschive)



Wwot's the space of all poteiile gy we con wwie o £

Total dewvinvotires dow t C)A,cw.ae e aunfwoer:

w= fovu (w=1) = fovin

I~—ym-+dr(——t)3 = g Y
LV SLQ.,, Ql% w = we T -

fe“(%chgq» d\,\)mg)

§e” ( gy ~ V%),  wtee Wu= dedis

(V=0 idteqae)

TLQ*&Fme we Wwove Qﬂwl,\sou\.teuoe, clo §ges :

Lei ~ Ln = VA\»%

Tws & o spoce kuoww to  wmathewmodiesews, called
deotsbed oo\mm\oag&, HM(H’, Vi ) .



How w,aw& dnsthouwet %quL\no-LQMw C Cso\uow«oloaé) classes
0_(. '-\:ea\«wo.w Cu)ce,%\‘o&% Comw We wwie deuvow !

de Rua. be\wwo\oan Loorcted Cplmwloaa

o VY H’o(}(, vdw) =0

P YAV Ho(\\’\ = ¥
abo. K (€)= & e W' (¥, Va) =0
iwe WLY) = # diwe WLY, Y ) = #
b e o
Mnu-vméab«‘ua!
| Aovoto ' 75]

T Odi’exwo.k&wg Swue (§ o 'borobo8Ce®L cwNnownwawk

(W) = T dte K, W) = G0 di KUY, W),

Euler chovactonstic

Ro e wuwlbex ol loasic '-Fe,‘émw-c»u. oh‘,a.%vaw.s = (.")‘M%U()

= # o_(l catical P+S °-(— RQ/U'\))



We vl d/e/{,wue/ Yo dmal &Fm q‘, :Fegwawv Cu.ke.%ro«ls
4o be

\ J
Le'(, i \Q-{/ + Vae ‘65 : H\M(V . V—dw>
V—O"A) = d— de

YWy sCau

Tws  <g ‘«m,%\x\a Oo\nscd.e,u\lwgf -FQ,%M,\MO,W cw*;e,%w&s' fw L2¢
twtlead e&_ k-1¢  dlweutiounl oud ga—” -Sd'.

Noto we ueed the 3calar prodwdt | wlide (s t&;ﬁb&ﬂ

h

g\)vaw “’é e " {ukerseckion  tuuabex

<gle>s = [ ¢ g

wow—towapock

3pace two lAOLO\uo‘(\?IM)C ‘f;or .Fovu.q
= L;;.Q" ,Q‘;T&_
tw B bulk
\QV N k? -0 uear S\)mgulo.vil;\lu
g Herw's o 'ofo"

S v -5 Fw‘olew.

“‘tw ! Yo 0

¢ Sbmhim;f \e

of%



Tuwe &‘\'\I 0:\'42,3% (»v Wau\aWLw'hCm s Yo %.)T&'b gClozr \f

Wwho WM ouR- Swrufiouwak Spo-cest L &M 197

2
— - /
—'Q/‘. }
|/ P

Y= < N

;05

all siuﬁulauibdes o
s
FOW

LQ;’G! 8 6‘\»&% cow?w*ﬂz e utevgechion wumber ow W
%Q\»oy\, _(’(;\oe:re
l:wrose, w«ra.ci’ Sw‘—-’ra«i’
v -\ v
R n«;f €N ey

CR'- VU {2=
J 2=}

]Car Comv U R

We  ueed to .“A‘wo\ \?@% e e Rawe 6({@\501121»0&, alacs
ot LQ bult ‘/\D\W\A% bo\).krack Su.\a‘aof‘b L\Jo.)uu:sl,uV wRax all
Stngulox  pevks |

2
P ¥
i ¥S v -1
L()\'Qg = \.F - de( %‘ @(IE-P‘ ’QL) de LP )

k-3 . '
akep {lu VounsW outside o



= ¢ (- TF eC \%—r\‘%ﬂ) — 3 802l %) Vg
P

Vourshet weax ack P
buk  adll \(’V"‘ﬁ (.-.-)=0

’?Iugg:ué back tuks 4o  dRfVuibiow:

ZQlgS = = ( g T Sleet-€) Vany

by
(— Py P
(Mg \g Lha=p)

~

Qﬂs%’:p ( ke\‘ Vd-m\ ‘9 ) ’

=1 . .
bbeve Ny, @ = "‘l'P A’“ﬁ weans o Jocal  golubiow o
e O\LRQW\»\TC&X e,c‘u..oJ:Cow P = o L\rr weovw  z=p.

Thewfore ('t wweh @osler to courpake  tuderseckion
wwubert  ( scalov produchs ol Fey ww on Cw&eavou\:.) P
Hr L‘ukk%\ren\x Huourgelves |



Sexoll wp {lov &  wCop

Fube divethions  are Uwosb»é Led Lo \zlo,x»‘ua ile

aW%¥Cb Wgw\&\I\;%m‘bCow ,  wlicke would Q‘ﬁrlﬁ\& tLe f,uv”

W\;m&*.é thwcbuve

Yalr=o}

/ |
CLpe, pub— \ﬁ(
Y | -

Yal@apy=wll

)

\

/

%‘/«

//

Work 1w proguers (3“‘, Covon- Rust, Pokvaka |






Extra wobes :

Rows do L ac)cwo\l\é Lovd  He duol basic of
Cw\'e.g\ro.\s 2
N
{yul gy > = &

V

SLM\,\,A balee, ay dmo)  bagig @, e,

ok wy

v L - =V
Tuew Y = 2 G 2, , becowse

k=

X v X .
<@lgd= L C<EIy)d = T Cuty- &y
- 2,

J
t



