Notes on Path Integral Methods

41 D-S eq. (Dyson-Schwinger equations)
43 D-S eq. diagrammatically
A7 substitution to generating functional W[J]

50 e Feynman diagrams through D-S eq.



|4
DYSoN-SCUWINGER Eavmo)v‘g

GENERATING FUVcTIovA. Z [ 3] = f Db exp { i (SWJ +jol"x Z)(x)d)(x))}

G ENERATES ALL PosS|BLE DIAGRARS INCLUDING VACUVM BURBLES

/‘Zm]_ 2[3] GENERATES onNLY

()
= MAGRANS WitwT 2 G (X Xm)
Z[0]  yacuom RUBBLES

[ SUBSTITUTION IV pATH INTEGRAL

Jﬂ)cj? exp i(ﬁ[d’]d—jo“*xg(x)cp(x))} P(x)— ¢ () + £ )

acopiAN =1 joVEeJ = )

ngap exr{ Sp+£] +[d% x| d>()()+#lx) } Z,0J]

LIKE WiTH & = jr () A = jd (x+c) Flx+e)
Y o dx

NOW WE HAVE JocD‘? ex},{z S[¢+~F]—t’...} - qu‘) cxf{i (3[4’]-?...)}
¥o ¥4

‘:> ZP[_‘)] = Z[JJ — 0 :Z#[J] “2[3] :[FORSHALL#]:
= ()4 SZHS(M J"ét 200 ¢yt 5b(2) <

1

84)3)\/»4 5<I>y§;d>2)\ S ___J:
P(gt) o-(4?)
= 96 [d%] 7 exr{ sTe) «[d5 300} | £19) + o9
fd‘*i 0 (y) +y) FoR Y = n(y) =0 —>

0= (y) = WP £ exr{i(sm] +§A@<3(x)4>(x))} _

jé)CP t (SSEM%—'\H&)) KF{ %[ﬂﬂd'&ax)@(x))}:

_ (szﬁ?» Ity ZIa]

1
th T S



4

DYSoN — SCHWINGER EQUATI
R ( o s m)z[ﬂ:o
) "’“SJ(X)
LooksS LIKE A "wARiATOVAL" E&UA( (oN FOR GENERATING FUNCTIONAL
OPERA;OR[SW]H J] = 0
(OPFRAH)R [ ] F[X] LIKE DIFFERENTIAL E&ZVATION)

THIS OPERATOR IS GIVEN RY S¢ tJ WHICKH IS A cLASSICAL
Eg.of M. WiTH Source I Fop FIELD ¢

DYSoN-SCHAWINGER EQUATION

FONCTIONAL FOR GENERATING FUNCTIONAL
INTEGRATION &

f9¢ | (sgcp{g s ﬂ)zm ~

SOLUTIoN OF DYSok-

SCHWINGER EQUATloN CLASSICAL Ey of M
7= [9g 5 e~
5e(x) g
IFoURIER VARIAT (o)
TRANSFDRL ACHON PHASE AcCTloN j\ 0
7 $04) %

z'S[&]__LDJ 2T7] ~1 %
2091 = 94 [93 2007 T/ X T e PPHt _
=99'210'7 J9¢ e"”“””‘”

e e e
SoMETHING LIKE §(2-2)



S '84> .
Sély) §(x-y) 2~ o

5 2¢(X) 8 (1, 20
jéxgm K Scb(g ij 9K i
=~ 5o ¥ 4>W“"’ ~ [k st-)-2 40

Send )1yl
X
A T2, 1ol - Sy 6y =

= — WY G00) pnmm i) =—(Dm™) () = — [z Ky (X12) b(2)
KLEIN-GORDON KERNEL

For S41=[ib [y Batb =t~ gr 04| The D EquaToN 15

1 4§ 1
[ JJ qu Xi%) Tﬁ“r?\(TSJ(X))Z-FJ(X)]Z[]J =

PR S[]=[d% (1{ W b bt b -1 g 47) THe ns. EqUATION Is

-4 Ky y%r;—gi(—}gm)l :)zx)} 703] = p

WE WILL WRITE THESE EQUATIONS INTERMS pE FEWRAN DIAGRAMS
G ENERATING FUNCTIONAL CONTAINS INFORMATION ABODUT ALL DIAGRAMS

3 oF ¥ DIAGRANMS
GREEN FUNCTIONS WiTh VACOUR BUBLES )

5 X4 Xm
— i_.ﬁ__ i Z —J:{ = KX O p!
Kn) = L‘ §I(k) SJ(KM) 2 9=0 z\t?\




|

EXFANS(oN OF GENERATING PUNCTIoNAL
ZI00= 0 [ [d%56 2 (Raree ) D0%0)- - 3 ()
m=0p

el ER $ Z[O] ()
%G ”‘)(x“...,x,.,)/(ﬂ [sa o). 530 ( )m'z (50-%)
4 = (m) _
Z[‘JJ:{:L—_XA*&H-JA)% m G m(,” [X/Y’)J X4 J(X/l! :
= @ +i (O +ir @
WU3LE§~ O-POINT EUNCTION —ZEDJ
M- POINT GREEN FUNCTIONS ( WITHOUT VACUUM BUBRLES)

(m AL SYWARL Z17]
GI (X'l(:../Xm)"'(fl) [SD(X/;) g‘j(xﬂl)]a = ) Z[ ]—ZEO]

ST31= 0[50 0 L G e i UKL ) =
Mm=>0

<2 -3
ORI =Caps O
(” ‘

T

5 = 1Y, ‘ g 2 G oK - =
53(@2[] ml&g&zp& J”lx G’ (X p-1%) I (X,)... 3 (%)

wz (4% [, -Df-»ac,“*)(x KW ¢ Dg)

- @+ ‘O & G+

gk ()
e 201= Zﬁ ja“ L & h-1) Gx,
!x&—z%,%‘i)?(&, b Jl By 0 ) =

1l




|45
g Z[J] Y 5 M+2
3] 81 (4m) =T CX ! C@g‘; @

DSE;

18200 » 52[3]
jd KKG X4) L §7(w) 3!() 53 x° +30ZTN=0

l /jf"rxjﬁ“k?r (@) Ap (%) e (X)

§ 1 SZDJ
5‘) P J”"(ZD Arz )Rl AT

"'- -——— e
el Nl

Ulkx Ap(Z MK (1Y) =
= (Dg”ﬂz)éj_(i:}/) =
(B (i)
=7 IR M) = 1 _
ZW‘ i ol4-2)
—§(4-2)

eIV K ) SZ(D] z[ﬂjﬁjﬂﬂzm ENE

:"fﬁ)ﬂ -42 L7 I Jd‘fﬁ) J(x xg)( ) 5°2117] +

it 53(x) ERI0E
?F()Rf/mm\crmy F- S N — | - (_4_) §°2[1]
21 1 53(;‘»]1

FZ00] [ [ IAe -9y =0 O+ E for :21_:_5

[d% 02 [ @+ @ + @ 12 ‘Q\I—JJW’@LJ(X)'

AF(X y) CE&J, 4—2@k T ng

§OR @:*’L 41 @ég. +.. Fow lNlERACTION%
) [@+i O+ 5 @t ]=0



+ _ 4
juam@v—_f/_ {z[ﬂ}

~() 1 52[3] 1 §2[7]
G (X)’i gj(x) J=¢ "{i SJ(X)}

J :JX)@:* o\‘* J(xl{ll—sz'nﬂ— ;’;Z{Z[ﬂ}:@g
P($)=T, b S*— 4 -...—_z,h LSS B () £
f{” = Shuloe)$"= (e {4
jdx:ux)@ﬂi =% 300 {3 5523530} 3 3{2[3 @E
) g @E’
Jd‘ij&a X)AF (x-g) Ccfy ‘jd‘*xj(x) j# (cE& y—x =
S{J‘ij(x) . ,2,\@’*
D.S. Eg. FoR d* INTERACTION
1( . %OEZ% DR RN (O=2

BY COMFARING PARTS WITH THE SANE NUNBER OF LEGS —f (0RDER oF 7 (x)
AND USING THE FACT THAT 1,3,5-+- ~P0INT FUNCTIONS ARE 2E R0
FoR 45‘* /A/TMZACT(OA/ WE ogm//v

“\UC ?‘ﬁ,*‘
21




~

NOW/ WE HAVE T0 TAKE [NTD ACCOUNT ALSa 43/5,... — POIVT FUNCTIONS

\WD]
SUBSTITUTION TO NEW GEWERATING FUNcTioyaL Z[1]=

WITT= 2 [P [ S e )28 T00) =

Sl Z = [ (5,5 W)+ G, W)(EW) | 2
S8 Z =1 (kxS W) + (86, 56) (W) + (8,5, W) (5 W) +
(G5 W ) (xW) <(5W0) 50 (W) | Z



L@s
D.5. By, g gL%f—--—FoIidM/vT ——9%(‘8,)25
JI%I00 82 -2 [ty 300t £ )Z*‘(H)Z:O
JJ*xe) S W/~ "JO“‘XP%D%)AF 2x) *)3[
—{-3((«)}) 14 (JX\W +(§x\x/)2] '3 H 0
%é-(cb —$ (H) LW «(5w)] §

(@—*“@ e )'g‘?é—{ (6> <

i,
+1@:+ﬂ— @ +..>+JA Jo“*z J2) Aple- X)[
: * ‘
2.

TERM w(TH Jd% [d%2... S USE TuaT (%) 43,5...—PUNT FUNCTIONS ARE 2€ 0

I (*’_-X)[M i ﬂ’?:%l‘&:}\ Zbﬁ]*-y&(*———x x-—ra::):




G+ = v+ D N 3 —af,
R s Wi 2 as O

SOLVING THESE RELAT(oNS PERTUBATIVELT WE CAVM EIND

m—PonT FoNeTions /™ (X,,... X,) As SUHS OF ALL
FEYNMAN DIAGRARS — THE propyces oNLT CONNECTED BrGRANS |

IV PERTUREATIVE OAY {\X/“")}( i =2 Yman, {w“”"\x/‘”"z) } -
ook

l\’l—\



PERTUREKATI\E SOLUTION ¢

ORPER (1) 1 *——% = #——x

— N S ey o e T T g, T e, e e S gm mme om

okvER (-iA):  —G—t = ¥—x +—- %’[%}}*4—

e ~@~}@_‘: e
Gix )0

e ”WC“@' !

== (Vi 2

—{-&- {~o-}—+

(5N’ (iA°

— —% _
3= ST :{:@Q@J«
\———xé—ﬂil \/\/E.A/)”
o B

s, - %
AND So oN,,.

ORDER (-ix)" . oNLY FoR l~poiNT EUNCTON

::':X:‘(’ +M*i +
2 2
/* 4
/%g ¢ 50(: 7

DRE THAN 0NE VE pTEX 3- %J(% =9




