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0. Introcddvchion

Last week we have see; that theories with &.n// dimensionless cmplp‘qs
constants are scale invariant on the classical level, Today e il
Sheow tThat +this invariance s brohen on  the quan tem level which
leads to new effects.

Constder for examfale QC?I"‘;":"/‘»‘he chiral b, 41 coataing me mass
Pa'ume4er: and 5 Therefere™scale invarizat, \itheot the anemaly the
spectrorm would coasist of oaly massless sthates, 1t i olue fo  the d10maly
which iafreduces o mass paremefer thet QCD has o M ¢ich specteum

with  masgive stafes,

I Recap of last week

Scale  traasfermations o x —> e®x  act 0 fields of dimension o

Gceo«-d.’»% to .
% Py = &1 Ple %)

awol fcr a‘n\ce‘nifeu:mq( f’rqnsfmrmaf‘.‘on.s we obta/n
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with 4 i’c""% the o(.‘ver_gcqce of the scale cusreat s andf equa/

te the trace of the ener57>memea+um tensor
_ M
A=Qyst = @ T

ln theortes ‘oith on[)« ol tmensionless Co")’/‘;'ﬂ constants this trace is

equa/ fo  zere 04 the classical level.
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Te illustrate the bl-eqk.‘nj o-F scale iavatiance oA on the quantom level

let vs coasider S’ﬁ" theosy :
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where the J‘ub.}cﬁpf 0 Tndicates the bare coupl-'nﬁs, Alﬂwusk d=1 in

this examPle we will weite o i f-vow' of a mote jene,rul fer mula.
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{-vac‘f‘,‘on with qa iasertion of &, “’"")""’J momentum k., Whea 30“43

te wnewneatumn space, we see ‘that k =0 :
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From the P”.n‘(s Po;-\f' of view this s nef .s‘ufpr,‘:;mg. Since A

'S noﬂn‘md buf o mass insertion (hc»¢;/,.l¢l) which shovld et

carty any momeqFum.

With  these olefinitions we fiad the following telatton for renctmalized
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Trom dimeasional analysis we can see that the Green's funchieas can e

W"I‘hn as
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JUN Deep Evclidean r33igg_

ln the Evclidegn PES:O'\ of muli'.‘—?urf‘"cle spaee momentumm space all Four,

momeata are Eucl?deqn/ e, havt peal space and imagiaaly Yme parts, '3)' olecp

Evclidean reqipa e  mean this Part“ of the Evclictean reoy‘en where
v s =Tt s large

¢ &2'.‘ s fixed  aad
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¢« np par*.‘al Sum of the momeata s zetd, H%s—pegm——ﬂ-“—@n#-nne(

ln this regien all external liags are far oﬁ"-;l»el as well ar the momentumy
fc«am-ferreo( between thyo halyes of a d.‘aﬁlﬂr—-. g Ve.‘nbua_ ( Phys. Rev 118,
838 (1360) ) was the fist T discover that im Fhis tegion M coelas of
wrost lhe 5T P(1a %) ol all fraike ordens v perburbation Theony, where
Y & some polynomial. Pue to the additional propagater coming frem The

- ~ (a) -
Mass  jasestron, r; growas  vo  fasfer Thao 5"‘?; ®( In¥2), la the o(eeF
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This e?uaﬁ‘on teds us  That I'::"’ has to ke free of /oJmiH‘m: 1 every
order s\c tenormalized] perfurbat.on theory boThi s obv:’avsly weong
(loopx lead  to Ins ) ansd there fore (1) from which we derived (I2)
Hq; to be -fa.lsa.
S The Ward iodentities of brolee, scgle fmvariance contain
arnomalies |
The teasen for The sccurrence of the anomalies s cleer: 1o order o
prove  The Ward identities we hawe *to introduce « cutoff +o Sef |
n{, the o{:uerSenc.'eJ. Obw'au:// +hic Cufaff has 1o be chesen swoh that the
Symme+/7 is preserved . However o cufaff qfwu/s invelves a lnrgz mars
Gaof masses JP@:‘( Scale ;hvan‘am:e_
E /JAOW\QIOUJ‘ dc‘menh‘ﬂn‘s (3, Coleman & R, Jackiw : Ann. af ?h/sfc.r. 6?’ 552 (5%) )
ln the weson - novcleon Haeoo?/
X2 FUB-m) W e 50,0070 - 2007 - 2o g v s F B 4Q
the VQ(.'d.'iy of (M) can be resfored of oroler 8’2 by chens,:.s_ the
sitfliy scale ofimeasion of @ o dy= 1+ B and of U to
'rr
.3 ., 4%
"l'«r' B 32wt O7e Says that  the Fields acquite anomalovs oimeasions,
TA‘L“ "hvif ’70* 6¢- CWFUJCJ w?f"\ fhf d;ﬂ'\eﬂ.ﬁ‘ﬂh '6*4;/'90/ 'From d,‘meﬂ;l'o,,al
aalySls  wehich temaing 4 and %y tespectively,
anor‘fuvvnfel/ the troduct.on of qnomalous dimenstony & neot :uﬁfic:‘ent.
If it were so to all orders 19 perturbartion 'Huo/-, we would Sef Lrea ()
fer any o
rn(iﬂ
/‘) ?_ -—::_— =0. (43)
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which clcquy vielates (13), peinting. te more anomalies.

C. G Callan: ?K/L Rev., pz, 151 (137%0)

Callan - Symaazik equations (
k.SrMnL\‘L! Comm. Math, PH’:. '8, 22¢ (13w0)

To deal with these waaomalies Callan and Symanztk  derived Fno/ependtnﬂy
the Callan - Symanzik equa#o—u‘. Te obtuia them we firgt note #hat

the relafien between bate «nd teacrmalized Gpreen's func¥ions bs given
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of  (u) 5 thenm
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Further we oefine
P ki pugenpa) = 2 (240" 00 (k) purapn)

which wakes the Lh.s, cuteff - inclependeat i the (omit of high

cufo{-}‘. for an appropriate cheice of 2 (u? o a constant fuctor),
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which s c(&ou-lr scale iavatiant «Ff the classical leve), To dertve tae 910maly

'a fhis ﬂ\eor/ at ove- Ioa(o level e use olimensional /esvlar.;‘z.af,'on andd

caleulate (2 4-¢ dimensions, This does not leave the  action So‘“'a C7::v

Scale imvartant, Its ckan%‘ is Pro‘opr‘i-:vnq.l to ¢ &
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Clqss"cal »Sca/e fqvur.‘qnce 'S bwken qt f‘hc quan)‘u”\ le vel which we

showed feor g 'ﬂ\?b;/ ia the degp Eucliclean region.

The iatrodoction of ealy qaomalous ollwmensions is et seffictent to
deal with all avomalies

The Callan~- Symanzik equation; solve this preblem  aad nfreduce a
Seconol D(ynqm.‘ca( parameker
°* To Seﬂekal.‘ze the Callgn- Symanzik @quq,'h‘ons to mere COMrl"qu”{

theories we need 1o intro duce o '/5-”‘-..9 (F- lthe) term for

€ach  coupling constunt ( fielol).
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