i EUc{iJea/\ gi\jnq‘}vra gpaceJLme.

2051 = "5 = (D ecp{-(s41-$:3)
L Potr{'i"'fstn Fumc‘/'fdn

Géﬂeral'inﬂ FUmc7’T9na[ Q‘F @nﬂGC?LEJ Carre/a{‘@r‘s

Foo o 5041 = | a‘if,«ml,ww F ot \/(qb)f
oL L

45 = e ds $x T
C.OM:  §{si4]-¢:3t =0

—

&0

[
—

(—j,wV’“V'/ + W‘L)d?b tVi(g) -F =0

u(éP\i‘L 'HLQ Qm/\‘hm ‘ICI'C{O’

cP= c{)b +Q Y éackjrwm/ 7[1'6/0/ ”157[/“90/
‘—*Hunlua'lions (

Do = D1
SArTAE ivﬂw%l»b +§¢i’+ V(de) - T &

F UL TR e 00+ Vib)g =37

P L7 _rvtrLLJrJ,\/”(dm)?L
2 2

+ 007}



(4% 19§ Vet U9 oo + Vi) - 32§

S AL S ST SA R
n —o ~» L0 M

quodrectrc J‘JJ’L (3 Z) LV V) +,viff +OJ£\/”(4>5W9
_ SJQG' 2\ Ly (— 04w+ \M/tbh))‘g } nnn
L —
D~ waye @para%r

. 20517 | Déexpd-(s141- 14)f
F SD7@<P /)_’(gf‘(}bj'j'?b)+ lddkf{{'”lz 'ZD’Zé ?

= eré T (SUP:J _I'q?b)& —[Je(l, {D)}‘i

* Jet (eP) = e 17 (P]

| ’l\l’e* = aaf\:/\ |

J- L
Z

[deb )] = frette @] 7o e o] 7
- exPé -_LTr(}n(D))?

e

=> 2[31 = exp { i (é[M“S'ﬁbb *,'2/—7?[/4 (D)))?



WS = 01540 # LT (Jn ()
(P = sta RANG)
.. FJ,*[O@P : LT\"()n(D))
e

“L(Z )
o I

’ SQWI@ l\_euriSinC’ ﬁfjuman*‘; ’}8 "'ké H@a‘\' KQ(‘V\@( Af)é)r&oc_L

/\70, )VL()\)_" & Lj.__ i
t

L() = L 4 b (A - __/ - ~dh e
”’/\ A /é/ -A o A \
= () = —g"" It et v C

g ‘t', G “ LV‘t /l"
f'\JeFC’nJemt
o ot -\
r\.L-'\oop': 1l d_‘lf{ Z—é’._{.;/\
2, &2

. J it Te(*P) = - “Jt k(D]
o €

2 L], t



(6D = Te () = (4o (5 Kk, )
— L

s Heat Teace
H’ca‘k' }(erneI

(D)t +D;¢..\ k(t;ﬂ-/jj’)) =0 , K(ijzj/b): &(x,'dj

M

< (94 +Dx ) 2lb2) =0
u (o) = f(x)

= ulbe)= Jd'g K (6394 1y)

-

® DL(%,S) = gmc{f k(b;x,ﬂjD)

0

D Bh e y) = § Jt Du Kt xq:D)
=\ J{;( d_K(ezy;D))

= K(Oxj)) K/ﬂ/y/b

= S(x4) LDecay fast cnosgh
Heot Kernel Equm{@n
o KU:,-D= - Vi T* rod + ><>
= Tl e-t{-D+m‘+><)

_J N .
= (4 k) 4@”]& {7 3] b () £°



’ EK(%) &t Knawn a3 -)*/ne L\Em‘{' )’\ermtl (,ee,#.'ciem’l's

P P i
{/J"_\OQP,_ ’_LSJ_&_/]’( 3 ‘t( EH‘WT X))
L) ¢
F—L’% ~tm”
= = 1 jo/mr Z,vtr‘o.u(n)g dt 4 e
L (v[) 0
JE it =
A Ld Lim* -L tm m P ré'.l._
A0 PR 23 K S 2 O 7 R P B W R
0 %(M) m.tr-J 3
.._,_v/
TrTe)

i e R | [jx,l/kZ- ]/l( ) (lozvr(x))

= )% DJF-'OJ

m
(jeizxj ‘}9 LO(C’A‘l’%ia n me*r;‘c S l'j/m'{l/fé

0

x' — L) p Wl_)oof = L-loop
A : = =
Wmmwﬂitghﬁd P %) e (e )
9\4 (Ulﬁ')d/z' =9 .?,r' d WJ
L (‘llrace eVér
Fﬂf ‘Ce(nr\ign?o F(eué m."'c?]‘rm :4Je;<es

‘ ’T.L]e HC&”' }/\emel C&e‘(:"lc,iem'}§ al € WM.J.Q o.-p

mgnomiaks 918 jmxje 6:1/'.6/ Jeeme‘l‘r(c mt/ar.'a.ﬂls



/ K/ F—/M’ , R’/AH/”' 0/1/ 0/(3(‘[./0171’,'./65
g >< m/.,J Jer(./al'l\/es
° \O-*,u.l) - [V,A,le anol /fr(./a!'(./as
b 7= UM+ w
JC@\/JLFIQA"' Corvatoe + G’Q()jé a/cff‘{\/a‘ll«"/cs
Ex: U - Le A

'que ltecA’ Kernﬂ( @eﬁ,‘ae,«% are ”unh/ersQ/"
0 ‘“76 Senté ’)L[d H’lf’j 0’94% (/QFGAO’ on ‘i%e

Yv\unlfelo’ /4’:“464—{4\6 dimension o gpec_'.{ properxrfcs eF D

/),L\E. K"Hm Lea‘f Ker.w/ C&e‘z]c,{cVzJ' (S mg/e
9‘# 6 6p€6'l\['rc C@ML)na‘{iea 9‘! q({ P@Séib{ﬁ
ifxo’epenc!en"l‘ iqvﬂlf'nar\‘}'s e'p Nas< JiMé’nsfsn /C//
Wns%‘rdcjfccj pl".9m ></ —n/, R_ &m/ 7%&‘/‘ c/e/_!ll/&'/'{.l/e';-
(xy=(n1 = (Rl =L
L‘b Oh,e Ga/m@+ a,gwajrruc‘} an QJ(}“JFME”S;@-H
]f\\/o'(;an't en  «a ManlfO[J W}‘ﬂmu"' L@unolag

loou-u ’—O} f/rzo

S o f@( Man{pglc)ﬁ VU‘;‘”] 6(9umjafj we ’/lallé ﬁﬂ@'{ﬂlef
'm\lar"\&u/\'\'6 fe[&'}COI ’}'9 0)(‘\'('5(\5]6 (.U/‘l/a‘!'ufe &)C

by I\CL'«J’ omJ épunJOJ QB O’i’l"?oms lm/ we qgag/ef
it\‘}&jra’js oVl ’/‘l’)e Iggunc/a(j a/‘/[/ w/fu'(,LL s a d7L
)l‘men 6}9nal Mamfﬂc&l(/. A~

? Eré+ (JrQ\/Itj -}Llis un}Jerfa( /orapemlie a—( 71442

l«\ca’* }/\erma| 01961{,7[126('6»4‘}'5, e  Can C/’l@ese

Mani(@-US (Iike épl’le/cé/ ‘}c«us, (Jr.gJqus

9‘.mple



G‘P ’YL“VII-(‘@]JS / 6”'(/) 2l 9'0(‘3/"%7[(9-(5 ‘ILO C\Vm,,o,/'['e_ @chl
weldicient, Cuen o, s o non Frivial fesk fo Cem/aa’/'e
\/\'\6\1“ OI‘-JBr asechﬁicieﬁs, Oﬂ!j ’H\e ‘(‘.'rs'}' Aea+ /‘ern e/

oe ioien')é are @KP\"C"‘HJ K nown -

Lo Thik  wad Jhe G}/ke Wlij[an [L1%5)
L_kaerc 15 alea an '|+er.g;1‘|\[e, maM@J (Dé W\H;,[C{ég\

‘ M 'H/lé end o‘F ‘Me ()aj, we haye

ho=T , bu= LRI-X, }, = o, KT+, kX
g + 0y Py RVL
.

gimp\é E)(own(olel \/(47\ - _)_\.,_Cl)w (J‘:L()
il
L"X‘V“(‘bbfﬂ:_/&#jﬂ , Slmy =0, R——Rﬂvzﬁl,ya:O
o
\ g(){s ;é l"("“’é) ‘h’(éar/ﬂu)

—
—

(W;T)d/" m>77

-—

_L'looP

|-

rl = )/l ,f—\ _l. are
beee lesel Tt L-ls0p




Pl %) & Tlr )| gs faide fod 0232

E,;. ~> Mass rcn@(/vml't ta‘hﬁut

by ~w» CeuPli/\.j (/\3 rCmS-rma,ita‘}hs—n

Jlen ub) - amp- g o 1 (fe & 0U%) bloaem)
SR L (1) 0 m*e
"¢

1 O e w5
by | + BJi % ',Lm"‘#L +

KN
d
7 L ()%

L
2

[A): Hed =2
&
A /Ml i}‘*’o Keep A aJmansienA(

v 'V\L_/_M__éf] L_i)__é_::z mL (-13(“.,Z(J_+/nﬁ_)
i < 3 m




Eizjﬂ—' & M order Jweps
ij]i(a,ub)b—,l-m’ —1\_¢Tf+i_\__ gdi > de (b ar|tn )
2 3 y\ L (1r)% r=0 7 er
by Ar[ i%_w?u_;ﬂ, (%) ) "1(4
f! & [‘ﬁ(’)/L mi-?| 8

=% ‘}()\\ = //Li_ /\) = 3 /\ + | hiaher ordec
@/¢ }57‘ j QQFS



/*\J\/amtm es -’ Man':ffs‘H CtQUmf{an’)' a fQ&C-A/'
j D\9€E‘F n9{J’( yy:jake s}jn'.qc;@m{' 6634{44’{;% nglween
d 11 tesen g‘oms, avge qrovups, cic
¢ U§21CU] 11 mlolr?:a‘rejJ jgégme?l‘(‘ies (Wi‘}/’l
bQJnJoricS ana’ SffljU(ai‘i \CS (A(JS, L/ack/mles,-.)
o )\j‘a neeJ -}o oleal cj]recl[j "U'I‘H’l Fe Mmann

—D‘(ujra.mf/ ‘O(‘etoauja. S moyn(?wl’u.m gpace/ C‘iLC—

1 (V\q'm - Is 49’{ A':ref.” 4 ,r'mé/e 5@ @n/
L.]m’nxmjnem OVIC’"(OOP apffj@&iﬁlﬁjﬂ'fgn KIOU‘P s dockle! ]

/rlﬂ@ Léa’t |<€m(1l MO[L\,O‘J (3 a{sﬂ 48 na‘}um! 4‘9@( -1[0
Jéal uulJrLl G’fav."yla‘hsna‘ Er‘pcmt'u/e )Cie{J T}l@arics_



~ The integral in (1.18) may be divergent at both limits. Divergences at

t = oo are caused by zero or negative eigenvalues of ). These are the infra

red divergences. They will not be discussed in this section. We simply suppose

that the mass m is sufficiently large to make the integral (1.18) convergent at

the upper limit. Divergences at the lower limit cannot be removed in such a
way. Let us introduce a cut off at t = A2,
1 g dt

WA - —5 -2 TK(t, D) . (1.20)

It is now easy to calculate the part of W, which diverges in the limit A — oo:

Wdiv = —(4 -n/2 d"r Aﬂ—2j—2! (1.7 (—mz)‘l'
= —(my [ \/aLJ%:(“ bey(2,2)
+ Y In(A)(=m?)' 1 byj(z, ) + O(A”)] . (1.21)

2(j+l)=n

We see that the ultra violet divergences in the one-loop effective action are
defined bv the heat kernel coefficients bu(z. r) with k < n.




