I-n'{émc:lL o T}Ie J

;4;\)4 ihstratiom we drseuss 7%6 ek netic i Lract, Lom ﬁé o
m/mmr;m SMAS‘I,Q?Q('ILM —}Ae Zégmdfldm nsity~ is 7[#57@774_, f” fé%

I= B0 1030 e APt s ) =3 P
Eguatim % motim
(z//‘a m) 4o = 9,47/170 g L/ [
g Y FmV < e ,5;/,«14 hon-linedr - Capre \?{wmzm

6% :}T;M‘m
erl ILG’/ “f Pofn‘

2, = F v mp — 4 FrF
ofmf’—— e@XﬂSL Ar

&?/AUM%& momenla 3 Q"i - (/7{} 5)
For em 7/%/0(3 we Chasse T A= Tb_a(:ﬁ T
From bin o motfim 3, Fo-E v = vase Y

This A° is ol 2ers but-it-cs n6t an mde)wm(eﬂ%g/mmlmé (Dwrlan!/e

A% /ob( V&) Yo o (A fae)
4 FLR) VRS

a:mm mLmLfan re/mL[m , )
e 30;: Glol=buf a5 Vhay, wik- -
['4 (’CJ @ [K//t/} = LSHMIHJ
Commct afots mvolwnj Ao e@n be worbed ad’as7@/

+ an &
[A’n ()(’f) 4A{O‘/£)J f ”(4‘%:4[)6( ;t)'%(’(/'c/ 1#(()4/12] ﬁ )ﬁ;‘{l’

”m%wm pooal
A3 zaonm -+ vy
nd F/-"/ﬂtg’f){i/ﬂ&/‘f[g(LV«@A)+[3'”]¢+ L(E+E )f
As does nst aff%rﬂ\ He mﬁ.’racfm . .
But if we wrik =E, +E,  idhere 7;- b Be-¥
Th f&(giwz- A3 JEREA

‘A{dmd Vé XY
7Ae /é""j zdg ﬁﬁ ”@ﬁﬁ)(é) C’&//mo/ /ﬁﬁma[th

EET

?%fmﬁ J’&Wlé_s
Tn Ai 6 ehe% ;D%MS we déld % m?LemaLMs é{dt\???’éﬂ proveses. W assume 2%@2’"
e mboractions g mkrost are a‘,// short= m7€ 735;7 ﬁrmmﬂ Foom

the mbemdim regis ?an‘,;és Jehare Like ree Pd’ﬁzméf s
Choase the physical ks % e efm&zé: g ey momeitn I

f W=

7’%7 ar W n &zf;,g; 7@//410/” /%mem/s

Quantization Page 1

Ay -2 AU ITmps HE R ETA, re vy A"



7&; ar Wl/;’am;z;‘f%’; j;G///ozuiréy /%m)mmé
DT}M eg]en walies fr all Lie. wstm Poridard ,l:‘j#c’o?e,
PEfz0,  fie
o) Thee oists o non-degererate  Lowerte mariant raund st 10> will Lues” enagy
Choase Posz0 = Plov=o y
3) The ousks stable 57;(7/e fm‘rc/e shaks |B> wilh F=A, P oach Skl partick

4,) Tge paceun and one ?mﬁ"c/e States 74;»: dspete 4205%»4 o f/t
Iy E smile gurtie stk

1 4

We asssciate o 74)@/0/ ¢¢) 7@7 ea] discrete Skt ﬂgi nhe ?eaf/m% 7 and assue
*Aa/f’ Tnfzmatimz.s' do nst n‘oéﬂz/z the dfro{ram g s .

In- f/‘(JdJ and :‘n—s%es — a,SJmP-/aﬁ'c conditims
r sTmF/rci , Consider
o - 51[‘;/,;)1/5%5%51 ¢4
‘ ‘ NPT
é:{,mf?m zg motion (Pp )¢;/V)—§7¢
;ondf_gaﬁ mementa ﬁ(x):;_f = /é
(emmutation relatims
Lrae), pie)]- 1§6) [76448), —7%;}[ Puz) dpe)]=0
T scatri prbln, ot 4-v0, porkcs pregese frch. Let ooy bo th pombr hecd ciects
Froe partith propagatiy with physicd] tas .
(D+p) % )=0 _ b, oy
We will assume Z%aé &) -5«”;,;7@7,3 wnder wm{mqé g{/sf/mlilc’ﬂ? wod Loen W;”
7 Hhe Sane wyas d&) In /am’?au/ﬁr,

[ /}i/ @, o:)]:-[r% f},, &)
=P Gt) creaks me partick st on mcuin

%gg i CnSider States  witf de/innk nonertom, L P> = B8 >

0
o 2% 118> = <hl [ﬁ“%,éd]lt?: . <0l P lo> .
= (L:H/f) < P06 = 9’13/‘?2) ) Yawlo>=0 =2 f =/ﬂ2
e, By 1S an sreparlick Stile with s p°

]4/6 oan &(?ﬂn&( éﬂfn &) as
/ — X
% 6)= [A# [4,8)F +4&2}747‘2"—] 74’_—,@)5‘7“ ©
Tnvet this expansion Ay ()= /a(% 7/;* 0D B4)
aho ue fure [P dnck] = —éﬂdﬂéj) [ B A4 GE

é’éﬁﬂL@S e de/iﬁco( b M’//I"ﬂ>=\/é90)§?&)k ﬁ;—&ér)/b>
koo, > A T Vé)@_@; a5 k)] 16>

3
pormdgatn b iley > -ena, SEE)
D wmlb b =0 tnksc men amd (R-B) W"d‘{f’W%("{’/’é"'é'Q

/b D . .

Quantization Page 2



N7 NI IR g T T

R ﬁ l"/ k=0 Még n=n and (7-R) coicides 1t (6, - é,)

Relation betueen Znx) and )
@+m") pec)=j ) o (En)paIjeot Sy 2750(/:;“) Sy /5—/;
Solw. His equation 7/3wﬂa//
JZ S0 = Poo fxogAmfo(//A)Jg)
where (O, +/41)Am,t0(_(7 /4) X()(JJ amd A;@f[x%/ﬁ)so 74?,,[;4/0
b tht  as X -po, PO Bd his Leads 4 Gorbudictin

7413 &0{/«2
Covvect aﬁwﬁ'ﬂ (L82) i le€ [d>, /{6’> be any 2L mnrm[gméé

Skates | 9Mf) iS 0/7[/7184/ 607 s}mr/y P over Spac- Jike e gion
) —»/afx F293,92¢) wh  (atp=o

Then the corect as »70745745 Londitrm is

[/'m <oJ)<(’/£JI(5> =z (&1¥a |§>

[4

w}leh‘l ﬁ'f] = '\/)d X jc (%) ;)b <Z‘01'n v, vt) Fime ——TM.é{E/lfnc/gh-f-.

Ouk Trelds amd out states
Just Lide the case 4 m- ][e/o( ard i Stzt{?éS we cm(a/so yeduce L’%eéymmicj

+o that of Free par cles 7@7 & —> 400 5/ /gffm‘y
0—7'7"/“ ) ;DM/X)__
Gout (x */’ AR [ At (B)f40) A (#) 75/’?&)] [P o ()] = B Got (B)

,4— mﬁ'ﬂllc 00770&7%7)
J Lin <o) {ﬂ’fe) /8> &) 1>

£>00
Sdma{ﬂx
:DCSCYIID'}'IM sca#en J%dr{’ w/f/ 31147%3 wp’% n non- /n7Lem Par’f‘c/&s 46
n l’emdL when lj/,y ae close 4o each other, »4727@# /l77Lém feom , m 7)&1»72/
Jeparoi?Le
ﬂql?Llﬂ»Q 6‘7Lﬂ7L€ /fn,?;.-mﬁ) 7n>=/o}JTn>
ot state 1P P Rt > =//e,owf>
Smatrix ﬁgx = <{36Mﬂo/:‘n>
S- opecaor <{Bcuz" = (‘Bfn (/paur/S'Q(/gr, /
then Spa= potled > < o Slelm)

f@eﬁlms 4 Smofi x
)F—rmﬂ Mﬁ 3/72//? ; yacwum, /30615/

(o/n/S ~<om¢t/ e 45/”/
2) Stabil ty g the one }Darvf/c/e St kefw&i

Quantization Page 3



77 pinlSIpm = </>ou}//>rn>=/ //m>:/7wf>
3 )= S P S
lmsider Bot] trt 6 oliny =(Is,m/3;%ﬁ4{:c) (o 71>

{pout] Pt 15 an akstle = Ballput = (IBm/%NS
Then ]S ft) 1s> = gl gy S I

or St = HS o Phe0=S %MS—/

4) Upihari
Stmee o m |S = (ol at] STen> =/ o wat>
= (/3&/\5’(5’+/0/];,>:(/9M/D/07(1‘>:(§%d
a5 z;oemﬁsw Ss= 1 Similav ayamm" =2 ngs./

8) §is banslatimal and Lopertz miarance
Under Loronte dransformatin pfs gh pM, % 4
thy  J0,4)SULY=S ke vind) fi) U lad)= Pased)

P

Bt Nerh) =ULA, b)Bos) 0 U, b) = UShut)s0 ™

=USu) Pt (A x+b)(y s)
But % (a58h) 2.8 e (nrh)S”
= vnb)SUnb)-S

Quantization Page 4



LSZ reduction

20104E3H 171

| HMZ: now wm'/{ /o Sel up e ﬁ””eufar/é -+ cmflﬂe e dansiston mhic cbrort \%o&

Consider J‘/, R a’/a = (‘gout /o # my
M.Sﬁ’)j ﬁ‘é crﬁa,‘leoﬂ W mjeb
G p =l 4 pry = epad, <pont 4] el >
= (drTauy [<p ot | A plelin? + Pl ) -do P [0 2]
- (@, [pRotldny =i ot [403, pyoi-pac]eh2] .
(ﬁ'f’:””;/ s tfedﬁfc obtamed. fom (/owff/ g[ .{fmaw% a;mﬂ‘zcé w/fmmém F-
ﬂrgmfm‘oﬁt con dirfims

Al = e b <lifwlp> > - Llin P>
Ldontrt o

= >
fn ~ fm g3 -] €% (03 0.0)
KXoty 5 -Po b 2
=/* Uk g}(x}of PR ~&bj¢0f)jzé({7
~o

o e ] L5 -0 TpOL e iy I

where. coe have used Qiﬁ[x) 3/(9:- 9 ond megpchion 57/”"’%
Fut L”Aay; 71747‘)&;/1 wej@f' ﬁe/}?aﬂuqém 74/7//:4/.%7 ’ GZ

/ifmf/oe oy =By ppatfaisil [ db p) (/;MW
To remove O /mri‘faé fom B, write pXp’
(Bout] 0 [l > = yp ot ) 19 = < ok faa ) 1) (ol > [T2dd

= [ [yt pe) s, ) >~ Yot ot ¢) P10-B5)4 [/’y)/q//2>]

= [Gat] go) [d-p’ Y ”f/of;'{ Yot [Fnt ) P1c) i) ip)ie >§7§‘WJ
=L -i/djy fﬁ‘“’(é:”wo) <fdﬂf/zf(‘¢l/]¢[¥))/aé>§7f;§i) T

Follus g the Same. proedure. as Aeyém,mwjd _

(paut 1990 dm >~ g, { <t hio gl o [y Satl b g sy (1) © P
It is clar hoo #5 remoe all particles fm “n'and ot shdle

G- Bostlddniy =L T T [t aty. & 5 ) R
P J:I v - . 7:_ 47
< 8184)-dip) oo dha e (Tp) T4 J

TIn and Oult ]D/'e[o(s 74;7 ormieus
» ) =/ol3pZ [é,—,,(/;s)%:(x) +a¢§¢s) Vos 1]

Mﬂm [/;25[)():: / U '_‘7')( &)= | e
famrze “T° il

px

Quantization Page 1



M UJ )= -—t‘/’t'X ) | ' of A
e Lpsi e up.Se Vos & o ps e
Lhversim ,
57‘,, CP.S) = A?( Up.s (x) }géf) d/hé“’&')—“/;[fr '},éq;() %5(5()
B0 < [ ) st L p9= [ Yoto )

Reduction Bymale £ fermims
(@) remove  electm 74% the m~stale

ot iy =~ [0k gt B 1> e tprr "
(B) remore pasitaon (ant;—partscls ) fom e i St
pat|od; 5 /"n>:Vé Jii & T GG (Fy, <ot foditn>
) remove  electm fom st Stnte )
(B pEout]{dm )= 72_{: A% Z,qo,’s’)em g /Mf (p’mf//,ffcx)/ﬁ_>

() remove posréfmﬁm P o o
=/ . - . 4 in o5 Aem -,/.—S:/ [
(@75 out[d my=rk [4% et | o) iy i l?@ vtf5)e

Quantization Page 2



v MNIYI)G

201043 H 18

‘AQumc Yot P and 76O are seleded #5 & ond T é[ﬂm{v Umadis

- /
WRR=0) iy UlE) TRY =U G &Y VK]
h fields satisfy the fec freld epuin § motiom
2ot 0= i[ My (5,7 ), 5] 0= 5[t b ), T ]

hore 1, (45, m) 7S the 7426 freld Homi toniam Wit #ass K
h the other Aano(
. 2=l @), 4] 3, 78)= i H($w) T]
Thet /%nﬂ For & ue
i = 4 % G [vpu]= é‘ifﬁu hoggueupdyl!
- gg(u G )0 40 e, 910 v U"sag v
=82 U)o, i [H (T ), 3] ~ v
Use  Soti=ilHy (B, Tn) ]
b\:ﬂJeé [—‘}',—} ule LH, 4, T, ] =6

ushere Hy (4%‘7/74) = /—//94.;77,,)— A’r,,(glrhjﬂ;) eontans al] the Mmieractin

mei/ar/ , e tan show

#’—U —H//;/Q‘rf ) '7Tf;] o
7%/25 me&hs '17% com bmadiom ?UU—/ +i /7/ e 4/,%/ all ﬁ{f qoémvéys

Wo can 4ake this 4 be a c-mumber, For m;b/fc/j we candafe s c—mmber

7156626/0.77[%5

I

For convelence , we 4{27[,-,,6

Ul ¢ )= Ue) U (") time evolutim of)e]nﬁr

en

; QU(t e') - :L/(é)U(éf/) M/% U/?f/?f)z/

We can convert 7‘7/0 - mlgqm/ z?fm%’m;
Ult.e) =/~+ f At Ko )Vt ¢")
Therate His ?wLm

A
Ul "’/”L/‘dt/ H, (#) +ei) df; H, [f/)/ dbs H(d)s - - -
~

A t
) / b)) 1) thy) 4o
—I-éz) /tll d*l/(:lq/éz-- ./7_;1 déﬁ L/L{é/)/-/z/,z) /‘/1 [é/:) +
This can be writler as
U(f)(:'J :i+r; (“;:l"‘ //f// - o{f;, T(Mt%/}h/lfz) #(‘fh)

T/’&(P [ ){ (¢Tn, I m U)
Pertéu—éa"/'zan EWNSIM QZ Vaccum Wm e

Perturbation Page 1



Tty Yo = 0] T(4)P06) -~ Psi)) 10>
Mﬁnj U matriy we cen wm{: ”/%/\5 in Terns 6/ ﬁ-n
T = ol T(0 ) Bala) UL ) 8 1) UL, t3) Uy, %) )0 &) 6>

= I T(U) UIEE) rtx)--- - Bon 66) ILh, £ UHED 10>
fet ¢>4 -2, >
Then z=4ow"(f)7[01@&0:4&4)—---#44)#4;)) vEIlo> )
= o U T(dnv)~uts) o 5[ Aot Vde! ]) 20
esrem i lop ;smegym% g Vt) as trete
Consider — <pain) V) [0 = [@ni 2, (o] 4u(p) VD)0

= —z/éns_ml, / A g)C: R ¢, <Al &2 u-8) 1>
- i AL R )5 () vtV BR ) UL
Corry ol he D, we . - -,
AL &) [OCE)G ) e) [~ 1o [VEEIBU £€)4UE2) BN 2]

+ Ul-)p(-¢ ) D620 ] UE)
Now we 7%{8 «f/{e Imit e=¢’

L U dee) _fLoe) $+ utop +0E) fe0 Sle)ud]

Ther ] U1-8)n (B]6> +3 [’y o, ~8) )0 B VB0 0/
od wl UL o> =] d I U4 fﬁ‘; 16> 3 [ o9 &) %

In t7;t [as(' ﬁrm j . .

U st = 0V B0 WU U Sy =0U G- Y

< [OU), da]U =4/ H @ ), ¢a] U=0 jfﬁw&w denietie foz?/}gf

Thr we get b rest PO a5 ¢mc0  for 2l medhis

This means VOIS 1es L e g as 42

Jimi/ﬂ*“(/;/, U o> = A o) Ap 2 as 4=>0o

iten as
e Pﬁi@;’; je (f)a;;> GO =<0l U0 0> =4 r@;u[:&[ 2 )] v
= [b] T (- :dt’HI(é')) [o)] !
Use this relation
Tt %, ¥ - ) = <0l U Tt o )~ MJ)@féf Huod!]) v by
=12, <0l Tn) - - s Jop i 1) 10>
or |zt %)= Il — P p [’&K% e
o] T fop - _u./j”i?w;m D16>

M. :cié/J e
o / 56 I Hr-e-dfm <011t 00) b k) oK ()0 ) >

b t) = 7 7

2 G [t <1708 A ge)I0>

mep M!

.]A/‘AL /e Hlm . /’muau]- %hn_m/‘/jﬂuﬂ” Iawv\/”-J-ﬂLr %IMMJ/ AVA(;V));/}'

Perturbation Page 2



Maé/s %ﬁamn : Conert Time~ovelered fmol«:{"qé rovmad am{eny

T35 $i0)) = 2 Fo) B8 - H[GIT(B0) Gu0OI Y o6ty Put): ,Lfm,,%m]
+ [ o] T 5o ) $h$0) 1)< 1T 66 G 61D h,06)-— B 60) ¢ # garmtectins |

- —-—— -

4+ J[<0) /o bt) s6a) s> <01 T 06) 61>~ <) T b ) B bt YD ffaméfMJ ”WZ{
<o] T (#t) By - -~ - BT b b5-2) B G4 )1 04)2 /@mérfmﬂ %

7%75 ﬁ/emom Can be /om/e&( Jy aduction.

We ooil] illustrate His ﬁr e sople case g 3

7 is char that
. m;‘aéam) o) = - o) ) + (C— nanber)
We con Fade 1his Lguaﬁ‘ﬂ/ betpey Vaccun states b wfmé He C.Mné/fé*@
‘)

(017145;;, MZ))/O) = Cc-—mwltér;)

ot

"d T(Pnt)rid) )= 55,—,,0(,)#,64): t <DIT[%M)ﬁM))/Q
Most u.seﬁ{ Affly Cotiom g “Wick’s Fheorem

Lol(n6y -- B 0630 D=0 1 624
oITtnsa) s e DI0)=2 [olTh W guy GIb)ba)w-J
/\/m‘uﬁ}m

Bnit) B06) = <o) 7( Pl B 143) )16 Lombractim
|

Exanp}e ? <o] T(¢ntx) $,05) 45;%); ; ;ézw;)nQ
= <oIT( i) Iulk) - iy gy) (s - D i 1)
e |

+ ...

g )m>

F%ynman %fn’pyaﬁy\g
real Scalar 7£fe/a(

e il )@= A% e'm'[xd}y_ A i)
<l Tl P %) 75’”[/))10> LAFCX/’/L) : én)r /?2‘/“#5 \ W"e )

‘ Ly (h)= 2
with £ 4yl PE
Compl Scalur fieldd

i ik (ey)
) - —JF - ; v g% = d’% c )/
<0l 7(dm ¢ ey = idy &eyp) == D reyers

Fermign f1el
) . v/ —7-/)'(*"}/) - Y _zﬁ.(yq)
E})mlzm f:&/d

n In . {r B lf —[14(){ )
— AP Dy =i e TV Ly @%,« i ALY
[/~ .Zj?,. 2

Lobere =40, o)

Perturbation Page 3



R

WA@Y@ 7/4-'-"[6 9,0 0)
¥ e o S that ong 2orn cnidutes s ”;/qu" as @ onseguen @ 2[ e
dque mvarian @

Gy»apA;'a /\e’p/esenlml/bz

O- =~ = - = 5 __%———'DJ 14 /"
x x

%A ~y, u2 #‘ 8 Z.D—ér(x )

F(’(/;/“-) LS‘F[XJ,W)B// T 7/

eaJ Lme (;Dnyb%qaﬁr) mpiesen'/:f a oam‘/nc:%'ﬂ/ﬂn h/zaé % QKPA”STM.

9.
! éz‘n(%%n%) i%;yﬂmﬂ;(/): -'%%‘/z)_dlfn(}é) P ()

i

-
- ----o

<I00,
R i B
2. Q&m()//) dfh()é) : Cb,'..(/{) éuw,- ;¢,~,,(%) m(/ﬁ—h(]}g);

- - -
S
-7

n-.-__-( - - o

g J‘\" J» Xy
\/aceum A«np/nlua{e_
T the afen’om‘mu[nfg z- ﬁmcﬁm , %iﬁ are mo &67%/174@ Zfﬂeg
S )" (" A oITH ) - Kl
z9 f; R A I T ) )42;#94)))@
f—g{. and order Erm for 2‘%6 Ctase M =§fl¢
<o/7()4l(¢5,—.g,))//1(4rng,))/o> @%}2 <s) rgéﬁ% J: ;éfg,) ) 1b>
- i M’"C/ﬁ%“ﬂﬂ%ﬂ: (}U#j@!) 2 0}{’@\\ o

clused_Lop drgrem é{m;ﬁs with 1o axemal Lines (fnes Wl opazem/)
/ d
Ais rmned ’([;7’"”'” '-a,szzéffﬂp/ o6t Commected any adimal [mes
comnected ”ﬁfjm’” : gmﬂ ot desconnected. |
Al erol‘ ofpearig in the fnumemlpr % %c f—lémdéim tan o/E Weﬂ( aﬂ?%/g b

comected and discomected rs
" (o d ) o)) H 1Y) - H o) o>
Zﬁéﬂ”—%f"‘g’ At <61 Tl te) Bo9)~ph a) ) it et

=2 _Gm_),_ [ a8 At <ol T(nt)~ B 60) Koo 42) 0>
T UG )X~ (0 0>
5 LY [ dlompier H 6>
r r! =S

8

=2 %’ [ 48yl <ol a0~ (%

T4 is noééaﬂ(?zﬂ&c@ﬁ%f .
Z()(IJYA'“'XA)z ;é; é(')(”m)(q) = Z':.é,;l.\(/.--)i) kZ:a =2€LZ/I"%)

2>

D
M}BIE 565“‘9 { egnneo?Led dra_fmm.s w,‘t'é n %‘é”mf ,(mf.f

Perturbation Page 4



Dhs clsod Lap dagrans
Yonce m ca/au/a%,y - /;wc;[m wi‘{ 1) extenal Lines , e o g}zl»@a// a/;:«mmfdéW:,

Ganple - /=2 ¢

¢ )+ 4)(4;) — P+ Gp)

G = oty < <P,R (3% 7 e Slyopk
) [t s dlpd e b Gy gt GITEpB ) $ 0T ) Frgp e e
/z ’ K5(RYABR) - XY
e

. (\7?) ‘*/4,(,,%4/ At GEPIYR) G8) (L) T ) €

,éanéu-/’/re 708 z__/ma‘z‘an.
Zj’»}z’%) =] &y f Lo e <5) T(HG) PLK) B8 be)te)-HEN 0>

,lames% order W'AWILFM ] ,
1) = 6 [i d, GTOWIG 004)(} ¢8) (&)
Uisig Weck’s Heatm, ue ot th conecked diggrns,

7%,
%1 ( \\ 4 N

Jl '\K ﬁ' ./

TZC/'r cbnfri!w/fanﬂé zat f, /,,) s
T Bon )= N fitds, Lapp2) Ly (pr2) dpO-R) e bs-d) Bpli) oo

We. the Pmaﬁ“w i momerbum gpace

iheoors [dth
A /Azﬂ‘e

hen
) Ca® 7 - 1% (f-2 N
T, z,#:}:)—’-%/dﬁdé/ﬂ At e lé()fé)gd;{é) & £ X)-é:[é)

Gn? E* Gyt “
o~ hsl%-2) e B ik nR)
2 Tnﬁgmﬁm (/d% eam‘;;é)vﬂ =@ﬁ)’£7€,~4~k3) j ellﬂg/,ﬂaﬂ&—ém Consenattion
2 nlerrati 4 C(/@"fsét'/ér):zj # o ,,é) az_au% vertex
5. mbggrafi (/dzﬁé’ = G § (B s,
Téh 2 ALY 3 24 . . - .
U ) - ] ;’V—f; - -%% Er (bbb h) idth) Ly (k) Hy) ietd)
. ﬁ—Z/é#) e hx) e —[)@Jz . RX,

7 Z\"{g""'[:ll")ﬂ}g-)
f Tl?m,;gl) a¥%d% Y Y e Ry.RY) et L
= "62:'/: ’é:jz, ﬁ= 7é(/ ﬂ/:a;)’é,c.
We see tht e ectrnad Lie P abrs cocel sd and

S < ok oS pRAA) bR+ - - -

7!;:;5 Nuder $7m¢>,é answer mmerém e

Perturbation Page 5



This s M:f%er s‘:mfé ansier . memerton _7@@_

Perturbation Page 6



%rfurgaﬂem &FMSTM

20103519
N4 09:56

Comsider {’Ae vactum @6/2967%7%17 va/ue %f Yhe ﬁn@

(%) = <OIT(Pt4) - -pua)) 10>
Coming from LS2 reductron.

Use U-matrix ,we wri/e 7%5 as
LX) = <ONT (U () Pra )V, £ 5,00) - U by, ) 110D VL)) 10>

-

Perturbation Page 7



Cross section and Decay rate
201043 H21
N4 03:22

Weite Hhe S-matrix. B/é"?emé 23
Si= S +iemt §B-R) T
for c4f , o transistion probab: /—'é s
[f:)"= am* §to) [6m* §5-7) I "]
To m{'er/z)refc S(c) we cursfe

4 -(,(2 P)Z
' 4 p P)= [ 4%
@ﬁefmgmiin j; over some. [p?él .&f Dém-% volune  Vand Line ,,,gmﬂ/ T T/é'z

ggn)ff 76) /T .
4 syl | vr @i ) T
TAe mns(vam rate (Lransistiomn probad;l; jy férm#ﬁc) s é{sﬂ

Wy =) f(ﬁ—?) Iz v

175 iotariant Wﬁm’e 7@:’ £

e Z/Lé P
ap)—> Gk) +G(k,)* - -Gk, ﬁr = ‘
7/49 nwnéer‘% states in te wloe Z/@ﬂefﬂé A%, 4%, - a{% 3 memErtum S

L%
A re
€= @”’}3-24):45

T ansis tom s , Sy e foel s is

3
W= en’s (?}Zzé)ﬁ’/ VT,[&W):«)

far 146 nvgriant mrmdgdﬁm g{ #573?5'@,@ (S*éﬁés we have g@éh af/;?
QlY'> = bn)’ Eppack = pit> ) $o) 2t = V0D
s Z’?é #H fﬂr‘é g/g ,m /ﬂb?éﬂjé‘éd%

The a[eay mz{f er mﬂéoé 75 then e
Aw= 0’“’ W”HPZU 175 g v,

i7[’ Hore are 'm ¥ 1ol /@zrz?c/a m ﬂ’efm@@&?‘e dide s 97}2/
2 o - d B 4 &7 _/T
[ ~ 2y g T g &P, [gﬂ)éga) S ﬂf@ e

Cross sectim
Scalfering  processes ;
agp)+4§ )—>0(é,)+€5é)+ -G,
7%6 {Tansu?lllf; rate zsgihfh 1752f6r6urﬂm/‘)('177 over fmag\g#é

d%e
w-et o VFIEG ek
We nawml:df His 4o om?arz‘m/e m the beon and me?zeﬂ[' e nue ﬁfd e
by bhe Loy ~ relative. ez 4:%4? He vélume, 96t 40 C

do= _JI/ —L—- ) ﬁy*f’zé )l;‘: ngé?wfzuke > /T—U;
B

Ve/ﬁC/‘?l‘j #atar Can be LUYT#&I as

Perturbation Page 8



Ve/adjj Joctor Oanﬁeam‘#&z as
I= |4 -0; )= } J
In‘ﬁ;f C.n 7&,@7@, P,:—E :—; ﬁ:[f/) ?)/ 'E"(é; ’f/
7. Lﬁi (244
g +’?7I
(Fh), —efﬂf’) 65746 F
(F-B)M T~ (?#M;)(P +Mb]+.25£;/’+f7 Zwn

< PL2B () +atE]=F (75,45;)
= L= "'/E 1 gj-— o

__L_. }‘ . / aﬁé. _ﬁ

Perturbation Page 9



E’ﬁn‘mf\ Recles

QSL%;;‘ce The fmzo( 7@17{5 7& branastim matvix e/emcnllS Zﬁi aﬂgtdl/‘i ;S/"m/bé) We.Can use gny),ém[ﬂ A

i ] thise Fedmus miemedsate ,
’ g‘;%"z all 00:2#84’ /L_@/”’M” UQMPAS ZZDS th‘afc extirned fnes . lade/ each wnl momerts andd

mpese mmertum  Lonseryati 74;@&4 vertoy,
V. For each pternal Démfon Lme witl memertim ?. enter te P’”Pg”ﬂ%r

l-SIF(P)»- j?’~m L
2 For cach el bus Lae g PO il momentum 4, entr dhe P’WA’”
[ Ap()= —

1".’_ /{2-\‘ ¢
3. Ior cad iternal photn Live wit] momertan /4, enter The ,Dm{znjd?gh’

:D [A)/W = “.La?gv
k2ig

4 Frf&afj mrenal WW&ILM 7 mot 747(&( éﬁ, Wﬂﬂ&ﬂéfm Conservil, enter
4
&n)?

) betucon
S for eﬂﬂ[ 0/0539( e senter L), abo %edéwmj ;L%f{i;fhﬁfs

gmp[s which d,jl;rw%/ gy an fh?’él’C‘Ad%f g #os et

@) 2514]5_3 _________ &)
ib) _3(__)2 / =Y
. M
) e pA /\/g\\(—ze{ﬁ)

Perturbation Page 10



EX% )e Z l(# ‘deog

201 [1\

szsw(ev Jca‘ﬁénng FYD‘C&SS&S ¢Cé )1‘95(;4 )"% ?J)d) *95(’5,)

T second, oder th X, weﬁmeﬁ/,{myj Fenmuﬁ(/gﬂmz&, e
- k - g ki k’r .
\ﬁ\_‘.’/y \ﬁl 3/ \$\ //

Y‘/kf’k_’; \)_~>—_/7 ( k(—k‘{_
oy 77 R S
/z k o kz }’Q‘ Cc) N
: (e) * (b
W@_ Can LUYTYIC JOWYI 1 Ae ‘Iﬂafn‘x B/Q)Mg;ﬁl' 74;'/ eac,{ Ofmfz)
7“‘) f" 7‘1’) é&) : (c) ;
i i Grbyy™ &M)/‘
Tt a@kv‘ua’e
-= 7@, Tz$)+ 709
Mandelstam wrmeo//g;
Ss(/ém‘él)z Lyhel) erempy m C.m.frmE
4= (h—A ) onmer&a%/‘ézms]@ (- Jcﬁ%ﬂn a j/é/
M:(/él"/éﬂa)z
S4btu= 4/3-

Perturbation Page 11



	interaction.pdf
	LSZ
	Perturbation

