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Abstract 

OJl('-fcrmion-loop correc;t.ions are known t.o clest.abili7..e the t.ranslationally invariant 
vacuum in all renormalizahle t.hf'ories. The inclusion of one-boson-Ioop corrections can 
only eliminat.e t.hp problem in asympt.ot,ically free field t.heories. One of the manifest.a
t.ions of t.his inst,ahilit,y is t.he prpscnce of tachyon poles in t.he hoson propagators. In 
t.he pre'sent work W(~ dC'rive a quantitative relation het.ween the tachyonic pole posit.ions 
and t.he vacuum fluct.uat,ions rorrf'ct.ions at. the one loop order for such t.heories. An 
applirat,ion t.o t.he Linear Si~ma  Maciel is performed. 

I \Vork parlially supporlpc! hy FApESp ancl CNpq (Br;)sil). 

Chiral lipid t.h('()rips without. asympt.ot.ic frprdom arp a Cllrrpllt. fpsparch t.ool in t.hp afm of 

low pnprgy hadron physics[I1. It is hoppd t.hat. t.hp low I'nPfgy propprt.irs of such phPIlOlllpllO

lo~cal thpories will not. be sensitiv(' t.o t.heir high pnNgy behavior. Sonif21 has not.pd t.lwt. t.hp 

indusion of one-fprmion-Ioop corrpct.ions t.o t.hp pnrrgy of chiml solit.ons ran rpsult. in fI t.ot.al 

enf'rgy which is npgativp. Cohrn. Banf'r:irp and RpU f3j furt.hpr pxtrndpcl thr prpvious work 

by including one boson corrrctions and consid('ring all rpnormalizabl(' t.hporips whirh rio not. 

contain derivative coupling. They havp shown t.hat. t.hr npgat.ivr pnNgy solit.ons pxist. in all 

such t.hpories. Latpr Perry[4] has shown t.hat. t.he vacuum inst.abilit.y is inclirat.rd by t.achyon 

poll's in boson propagat.ors and divprg('nce of t.he rfl'rctivr coupling const.ant,. Thp analy

sis prrformed relat.eR thr vacuum inst.ability to w('l1 known problem wit.h Yulcawa t.hrorirs. 

leading t.o th(' simpl(' int.erpr('t.at.ion that. t.hp loop pxpansion divprg('s nt high mompllt.nIn in 

non-asympt,ot.ically fre(' firlcl t.h('orips. 

In t.his !('Uer w(' provide for a quant.itative f('lat.ion b('twr('n thp discussNI t.achyon poll'S 

and th(' vacuum ('nprgy. Th(' pr('spnt. fpsult.s can br lIspd t.o answrf thr quest.ion as t.o how 

much thp high ('npfgy I)('haviof of t.lu' t,hrory afl'rcts it.s low cnrrgy I)('havior in t.rrms of 

t.bp vacuum fluctuat.ion corrpct.ions. Wp show t,hat. t.hp dpeprr th(' tachyonic poll' is locatpd. 

t.hp small('r t.hp vacuum fluct,llationl' (thpy dpCfp:1.<;P:1.<; 1.5,,1- 1/ 2 • wbpfp S" is t.ll(' ghost. polr 

posit.ion). 

Lpt. us t.ak(' t.hp simplp Lagrangpana 

.c(.r) = ~~ (i IJ - m - Gtp)~, + ~ {)/.tpiJ/1tp - ~ M2'P2 - ~ b tpol - -.!.. C tp4 + C.T. (1)
2 2 3. 1! 

wh('r(' ~, stands for a fermionic lip)l) and tp is a scalar fipld with a Yukawa coupling t.o t.hp 

fermionie fip)ds plus self int.efaction tnms. M (m) is t.hp mass of HlP hosonic ((prmionie) 

fipld quant.um, band c are constants and C.T. st.and fOf count.prt.Nms. 

Within the framework of the pffect.ive action fOfmalism, once the one fprmioll and onp 

boson loop corrrctions arp includpd WI' get. for t,hp pfl'pct.ivp action in t.hp prpsent. casp 

1 1 1 1 )
f(tp) d4:r - o/.tpiJ'·tp - - M 2tp2 - - b tpol - - (' tp4 +C.T. +[/ 2 2 3!1! 

(2) 

-i It Tr [In(i IJ - m - Gtp)] + ~i ItTr [In{ -0 - M 2 - b tp - ~(' '1'2) J + ()(J1,2) 
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whrrC' Tr st.ands for t.hr tracC' opprat.ion. ThC' paramC't.C'rs can hf' adjllst.C'd so t.hat. t.hC' f'XPf'C

t.ation \'"hl(' of thC' scalar fiC'ld is zC'ro in t.I1C' va.cuum st.at.r (i.p)n = O. 

NC'xt. considrr small amplit.udp vihmt.ions of t.hC' scnlar fiC'ld around t.1l<' vacuum. WI' gC't., 

in t.h(' momC'nt.um spacC' 

d4p [1 2 ]f(cp) = (211")1 2 cp(p) iD-'(p) i.p(-p) +GUL , i.p:J) (3)
/ 

wlu'rC' D- st.ands for t.lll' Oil!' loop approximat.ion t.o t.hr invrrsr scalar fiplcl propagator.' 

2 d4k 1 +iD- ' (p) zp2 - M; + i /lrtC tr / (211")1 (j.: + ~  j) _ 711)( j.: - t j) m) 

(1) 

_ !i /lb2 / d 
1 
k 1 

2" (211")" [(k + tp)2 - M2][(k - tp)2 - 1\12] 

wllPf(' () st.ands for t.hp t.rac(' ovpr tlu' int.('rIwl fprmionie dp~rpps of frC'pdon (isospin, flavor 

and color) and t.r st.ands for t.hp t.racp ovpr Lorrnt.z ilHlieps. 

For t.imp indppplHlpnt. fiplds .p(x. t) = cp(x) WI' p;Pt. till' onp loop pnNgy eorrpct.ion 

£1 = - -1 / --d 
1

p 1/ (P:ri.p(x)r'.x·p12 
iD- 1(-p2) (5)

2 (211")-1 

Tll('n, til(' .., = _p2 < 0 is tl1l' rplpvant rrgion in t.hp mompnt.um spacp. For t.hpsp space-likp 

mompnt.um onp can show t.hat. 

iD- 1
(..,) = z'S - M~2  - 2n /~c2 [(.1) -1m2

)lm(s) - 2.~:2]  - ~ /tb
2 [ht(s) + 9611"'~M2]  (6) 

wit.h 

Im(s) = 8 .2, {- J-s(1m2 - s) in [FS + ~] } (7)11" .., 2m - s 

TIIf' finit,C' const.ant.s z' and M~  2 arp fixpd hy t.hr rpqurrimpnt. that. D manifpst. t.hp scalar 

hoson. 
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From t.hp expressions (5) and (6) it hecomC's c1C'ar t.hat. t.Iu' vacuum is unst.nhl('. Lpt. liS 

consider a static field dist.ribution givpn by 

i.p(x) = a (~)  (8) 

where a is an arbitrary functional form and R is a dist,ancp scalp which WC' will t.akp m; a 

variational parametE'r. Inserting (8) in (5) givC's 

d
11 .1 / q 2 . -1 q2

E 1 = -2 R (211").1Ia (q)1 7D (- R2) (0) 

wherp q = Rp. In t.hp limit. of small val ups of R WI' gpt. 

E) = 11 R In(mR) +B R (10) 

whC'rp 

/u-r C2 IIA 
811"2 

B /l (811"2 Z' b2 8nG2 
) //,0. 2 

1611"2 ft - 21M2 + -3- II - 1611"2 C 12 

d·1q�
II (211")3 la(q)1 

2
q2�/ 

2h = / (~:~3 la(q)1 q2 In q2� 

Now, minimizing with rf'sppct. t.o R� 

fJE11 = 0 (11 )� 
fJR /l-/l" 

givE'S 

2� 
Rn -1 C'xp {1[(811"2-

Z
1 

- b ) 1 8�= - -- -- -- + - + I]} (12) 
m. 2 /t 24M2 nC2 3 

whE're 1== 2 - 12/1, . Thp valuf' of E) at. t.his point is 

Emin = - 11 Rn (13) 
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~  
As poillt.rd ont. by Prrryl11, thp fact t.lwt. th(' invprsp bosonic propagator st.art.s out. nrgat.ivr 

for p2 = 0 anrl t.urns posit.ivl' in thc' rlC'C'P plldid('an rpgion indirat.C's that. it must. go t.hrough 

ZC'ro for SOlUp spacp-likp IIlOm('ntllm. Thus t.lll' hosonic propagat.or present.s a t.achyonic pole 

for sonw (; ~ _p2 < O. In wlHlt. follows wr show t,hp ('xplicit. rdat.ionship h('t.wPE>n the 

t,achyonic polr nnd t,hr I'nrrgy ftllct.uMion jllst, d('riVC'd. 

From ('(1.(5) and t.lH' condition 

.I!~~  [iD- 1 (8)]1 .•_.• ~ =0 (11) 

W('I?;('t. 

2
81T2:-;' fJ ] 1 8} (15)8,> = _11/2 C'XP { [ -;;:- - 21M2 aG2 + :3 

ThC' corrC'sponding r('sichlC' can lw ohtainC'C1 as 

lim (!!.-iD-1(S)]! == Re,c;(-) (16)
.• ~-oo cls 

"-"p 

with 

2 
Rts( -) = _ /taG (17)8;2 

Thc' ahm'C' [('Iat.ions allow for an analyt.il· C'xprpssions which rrlate Ro anc! Emin with 8 p 

and RI,,.,H. W(' find 

1 _ 1/2
---t (18)

Ro = ~ 

and 

Ro;(-) 

Emi" = /1 Ilr-
I
/
2 (19) 

V spi 

This rC'sult is quit.e' p;l'nC'ral and sholliel f1pply t.o all rrnormalizablC' thC'Orirs without. asymp

t.ot.ic frl'('(lom. TIH'rC'forC' WI' rpst.ril'tC'11 oursC'lv('s t.o t.1l(' simplrst. possihl(' easC'. WC' havC' also 

appliC'c! Uw [('Suits to til(' wC'lI known Lin('flf Sigma Mo(I('IIr.1 which follows in t.h(' catC'gory 

of fidel tlu'oril's (liscussC'el nnll more'owr finds applicat.iom, in t.h(' dpscript.ion of low C'nC'rgy 

hlulronk prop('rt.iC'slr..71. Our t.o lack of spacC' w(' only quotp th(' r('sult.s: in it.s r('normalizC'cl 

5 

vrrsiom,flll bot.h t,hC' pion nncl the si~ma  propap;a tors rxhibit, t,achyonic polps2. In thr ca..<;p of 

t.hp pion t.his polr is founll nt. ~ ;:::j 1.6 Gtl'. Its locat.ion is rat.hrr indl'prlldl'llt, of t.Jw frrC' 

rpnormalizat.ion paramrt.C'r An. 011 thp ot.hpr hancl. for t.hC' sigma propagMor till' position of 

t.hp ghost. pol(' st.rongly depC'nds on An. but also for a larg(' rangp of vnltlC's of t.his param('t.prs 

the locat.ion of the pole is found for small('r values of enC'fgy. i.r., ~ ::.- 1 Cd'. HmvC'VC'r. 

if w(' permit lower values of the coupling strenght.h G, due to chiral symmrtry t.hr posit.ion 

of both pairs coincidC' in t.hr asympt.ot.ic rC'p;iol1. Wr t.hus lookc'd for flualytical Hsympt.ot.k 

expr('ssions for sp WC' find 

2 
2 { 41T }s" = - 111 pxp G2 (1 + 0) 

(20) 
2 

Rcs(-) == _ C 
,i7T 2 

with a = ,1A~  .. F2 I~'Il(O). WI' numprically chpck('c1 that. HII' abow C'xprpssions show a rp

markalM agr('('m('nt. wit.h numprical valtl(,s for G ::.- 3. In this ca.'>('. our r('slllt.s sugp;psI, t.hat. 

this moc!rl r('Sults will be rat.her st.able and independ('nt of thr high £'nPfgy brhavior of th(' 

theory. ConsidC'rablP disagr('('m('nt (larg('r than 50%) is found for 1T-N coupling const.ant. 

valurs (G ~  10). 

* * * 

The authors want. t,o thank Prof. L.Wilpt.s for hplpful discussions and slIp;g('st.ions t.hat. 

init.iat.('(1 t.his work. 

2Ft-om h('r(' on WP liSP fhp pxprpssions anf! no1afion of R('f. 8. 
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