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INTRODUCTION 

In lhio talk I wiU report on 10me recent work [II with Pierre Binelruy on clfeclivc 6dd 

theories obtained from oupualringo. The phyoico motivation io the gauge hierarchy problem, 

which I wiU &rat bricfty rcwicw. I wiU then rcwicw the theoretical framework in which we arc 

working, namely clfcclivc oupcrgraviiJ lhcorieo obtained from the Eo x Eo heterotic olring. 

A certain clau of lhcac lheorieo ia characterized by an in variance, allhc cluoicallevd, 

under a group of global, nonlinear (like chiral oymmclry in low cncru pion phyoico) trana

formaliona among the 6dda of the elfeclin theory. We have ahown [II thai lhio oymmdry 

proleclo the ocalara and gaupnoa of the obacrvcd gauge group from acquiring ma11ea when 

aupcroymmdry (SUSY) io broken in a "hidden" acclor o( lhc theory, that couples to our 

world with inlcro.cliono of gravitational alreoglh only. 

Thia ayaunetry group includea dUral h&nsformationa on fermion fi.dda, u well aa 

acale haoeformatioa., aod ia therefore broken at the qua..olum !cvcl by &be wcU known chiral 

and conformal aoomaliu. These a.nomalica, in coUuaion with nonperlurbative effects in the 

strongly coupled gauge inleracliono of the hidden occlor, prowide the aecd of SUSY breaking 

in the obacrvablc occlor. We find [I I that a very mild hierarchy between lbe Planck ocalc 

and the scale (i.e., the sravitino ma.ss) of SUSY breaking in the hidden sector io sufficient to 

generate an acceptably large (for pbenome11ology) hierarchy in the observed sector. 

THE GAUGE HIERARCHY PROBLEM 

The gause hierarchr problem may be aimply expressed i11 the cooled of the Standard 

Model by writing tbe reoormalizcd Higga maas m11 aa 

~ g' 
m~ = &(TcV)1 = m~(lrce) + 

16
,..1 1t.1 + .... (I) 

Here g ia lhc weak gauge coupling constant, and ~ ia the rcnormalized couplins conalanl for 

acalar aelf-couplinga. The right hand aide of (I) represents lhe claosical value pluo the sum 

of quantum concctiona, whicb arc quadratically divergent, as indicated by 'he appearance 

o{ the cu,-oft' A. If perharbalion theory makes nn&e1 .\ can be no larger &ban 1 (or at lca.al 

4.-). Then lhc firat equality suggests m11 < (.3S-J,2) TeV, and so we need A< (8-30) TeV. 

I wish to emphasize that one caonol [2) evade lhe gauge hierarchy probleu1 by a strongly 

interacting &calar sector, i.e,, by lclli11g ~;,I in (1). Of course, purely within tbc context of 

tbe renormalizablc standard model, there is nol really a gauge hiera.rchy problem. The infinite 

quadratic divergences can be absorbed into a redefinition of the Higgs mass, whose value is 

simply fixed by mcMurcment. However if the underlying theory includes Higga couplings to 

heavier particle&, aucb u GUT vector Loaona, quantum corrections will include finite tcr011 

with A i11 (I) replaced by I he massea of these particlea. 

There are three standard "solution•" to the gauge hiera.rcby problem, which I briefly 

recall. I wiU list them in what I view aa increasing order of plausibility; many people would 

' ,., ~ 

. __ ... 
disagree with my ordering. 

Compoaitcoeaa. In thio occnario, lhc alanda.rd modd io an clfcclivc theorr, 10mc or 

all of whose "dcmcnla.ry" pa.rticlea arc bound olalea of yet more dcmcnlary objeclo. The 

theory 1uakea acnae up to momeutum acalea of order of &be invene rad.iua of compoaih:neaa 

Fq 10 

A-t Ae ""'r;• (2) 

in (I). U quarko and leplona arc compoailc,lhooc wilb common conolilucnla ohould couple to 

one another via fo.u-fermionintuac&iona with an effec&ivc Fermi conllut G- 4•r!. Existing 

copcrimcnlo ouggcst r, < (TcVt'; recent resulll from Triatan [3lpvc more slringcntlimila, 

with A, > 6 TeV in one chan11d. 

Tecboicnlor. In thio cue only the Higga oeclor io composite. The theory [41 mimico 

lhc obocrvcd properties of QCD. New asymplolicaUy free gause inleracliona arc assumed, 

which break the clectroweak srmmclrr via a lcchnifermion condcnaalc 

< F /r >"' (/.• )• =: ( !TeV)'. 
4 

(3) 

Here /.• is I he slrcnglh of the coupling lo the .Wal currc11l o( the lechnipion ,..r, analogoua 

to the pion decay coD.ata.nt./ •. Tbia number is fixed at 250 GeV. ao u to correctly reproduce 

the observed W1 Z maaaca. The .calc at which the cffcdi~e "low energy" theory ccaeea to be 

valid is determined by the scale lt.rqco al which the lcchnigaugc interactions become olrons: 

A- lt.rqco- {; :o: 260 GcV. (4) 

As yet, no one bas auccecdcd in constructing an experimentally viable, nor a grand unifiable, 

model that incorporatco Ibis idea. 

SUSY. In thio caac (Sithe quantum corrections on lhc right hand aide of (I) arc 

damped by canceUationa between booon and fermion loopa, which are complete if SUSY io 

unbroken. Since observation lelia uo lhal SUSY is certainly broken, lbc clfeclivc cut-olf ia 

provided by the fermion-boson mass splilli11g: 

A - AsusY = lmJcrntion- nt~~o.-1- (5) 

II is possible to construct viable SUSY extensions of the standard model, but the scale 

parameter (6) ·is simply pul in by hand, so we have not really solved the gauge hierarchy 

problem in this way. 

THE HETEROTIC STRING 

According lo the preacntly moat popular hope for a fuUy unified theory, the Standard 

Model is an clfeclivc theory that is a low energy limit of the heterotic (61 airing (7)1heorr. 

Starling from a string theory in 10 dimensions with an E1 x E1 gauge group, one ends 
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up, &I eoergiea aufticieoUJ below lhe Plaock acale, with a aupenJmmelric field lheoey io 4 

dimeDiiooa (8(, with a gcocrallJ amallcr &&use sroup 'Jt X Q. 1( deacribea & "hiddeo aeclor" t 

thai hu ioleracliooa with obacrved waller ol oolJ srarilatiooal alrco&th, aod Q :1 SU(3). x 

SU(2), )( U(1) ia lbc sausc sroup ol obacrvcd waller. Part ollhe saugc oymmclrJ may 

be broken (or addiliooalsaugc IJIDIDClriCI W&J be SCDCralcd) by lhc 10 -+ 4 dimcosiooal 

compaclificalioo proccaa ilaell, aod pari of it m&J be broken b7 the Hoaoi..W mechanism 

(9J, io which saugc 8wt ia trapped around apacc·lubca io the compact maoilold. There are 

now ma.uy more c.x.mpla o( cffccUvc &bCC.Irica from aupcra&ringa than one once though& could 

emerge. For iUuahalivc purpoaca,l willatick to the original •conventional" accnuio, ia. which 

lhe "obaervcd" E1 ia broken lo E,, loog known lo be the largcal phcoomenologicallJ viable 

GUT, bylhe compactificalion proce11. Then lhc observed acclor ia·a aupcriJmmelric Yaos· 

Milia lheorJ, with sauge boaona aod sauginoa in the adjoint rcpreoeolalion ol Q c Eo, coupled 

to matter, i.e., to quarka, aquarke, lcptona, alcpto~a, Higa, Hig,gainoa, ... . 

The hidden acclor ia uaumcd lo be deacribed h7 a pure SUSY Yaog-Milla theorJ, 

1( C E,, which ia &aJmplolicallr free, aod therefore infrared coalavcd. AI aomc eneriiJ acale 

A., below the compaclificalion acalc Acur al which all lhc gauge couplinsa are equal, the 

hidden gause mulliplcla become confined aod chiral armmclrJ ia broken, aa in QCD, bJ a 

fermion condcoaale. In lhia cue lbe fcrmiooa arc lhc gaugiooa of the hidden aeclor: 

< .h >~ - A! I o. (6) 

The condeoaate (6) breaka SUSY (10), aod b7 itself would generate a poaitivc coamological 

conalaol. If lhia were tho ool7 aourcc of SUSY breaking, aod of a. coamological conalaol, 

the condcnaalc would be forced drnamicallrlo vaoiob, due lo the condition thai lhc vacuum 

energy be minimi&cd. 

Another aourcc of SUSY breaking is the (quaolized) vacuum cxpeclalion value of ao 

antiaymmelric tcnaor 6dd H£MN, tbat i1 prcacnt in lO..di.menaion&l aupcrgravity: 

H.,,N = ''<hBIINt L,M,N = O,ooo,9, 

I dV1~" < 111m• >= 21fn I 0, l,m,n = 4, ... ,9 (1) 

The vev (7) can arise if H-ftux io lrappcd around a 3-dimensionalspace-bole in the compact 

6·dimcn1ionaJ manifold, iu a ma.oucr a.oaJagoua to the Hosotau.i mechanism {or breaking tbc 

sauge IJmmelrJ. Wheo (6) aod (1) are both present,,\ and 1/LIIN couple in aucb a way (111 
thai lbc overall contribution lo the classical coamological constant vanishes. There are other 

polcnlial aourcca of SUSY breaking, auch aa a gravitino condensalc (12(, lhal misht play a 

aiwilu role. 

The parlidc apeclrum of the effective four dimensional field lhcorJ includca lhc gauge 

• aupermultiplcla w· = (,\". F,.:. - ii,:) (g .. uginoa aod gauge bosooa) and chiral aupermulli

plels t' = (y>',x') thai contain the waller fields ( v>' = oquarka, olcplons, Hiss• particles, 

~ 

•. --... .~, 

... , x' = quarka, 0 0 o)• lo the "conventional" acenario lheae are all reomaola ollhe sauge 

aupermulliplela ;,, leo dimenaiooa: 

~AI --. A,. + cp,... I' = 0, ... , 3.- m = 4, ... ,9. (8) 

Thua for each sause boaoD A11 in ten dimcnaiona, there uc potentially one aaugc bo10u 

A~ aod aix acalara V'~ (aod their aupcrparlocra) io lour dimcnaiona. However ool all ol 

lhcae are m&~~leaao lo the "conventional" pidurc (Ea -+ Eo in the obaevcd acclor) lhc 

mud011 4oveclon arc in the adjoint of E,, while the mualcu acalara arc in (21 + fl)'• 
lhal '1'ake up the difference: (adjoint)., - (adjoinl)s,. In addition there are sausc ainslel 

chiral 1upermu)liplela &llocialed with the olruclure ollhe compact maoilold. Two of theae, 

S = (a,xs) and T = (t,xr) are olapecial interest. Their acalar comp~nenb are(I3J 

a= e .. f-t + 3i/2D, 

I= e•ft- i/2a + i ~Jop'J'. (9) 

lo (9) f ia lhc dilalon of ten-dimensional aupergraviiJ, D aod a are lwo uiona lhal arc 

remuaolo of lhe aoliarmmctric teoaor (1): 

e1 ot c'rrt B,,.., 8,..D oc: «,w,r;-lc" B"'"', (10) 

aod q is the "breathing mode" or "compaclon" whose vev dclcrmioea the ai&c ollhe compact 

maoifold with mchic g1~ = g)!!e•. Thua the GUT-or compaclillcation-acale, which ia lhc 

inverse of lbe radiua R ol compaclification, ia delcrmined by the vev (in Plaock ma01 units) 

Akr = R-' =< .-.. >=< (RuRelr' > o (11) 

The lola! oumber of gauge sinslel chiral mulliplela, aa weU aa the number of maller genera· 

liooa (#21'•- #fl'a) ia determined bribe detailed lopolou o{lbc compact maoifold. 

THE LAGRANGIAN OF THE EFFECTIVE FIELD THEORY 

The clasaicallagraogiao for a generalaupergravit7 theorJ in four dimensions is deter· 

mined (14,15) b7 lbrec functions of lhe dural aupcrfields: 

t• = ••.s,T, .... (12) 

These are 

i) A gauge field normalization function /( t) = /( t )f. In I he supcrfield formula lion 

(16Jibc Yang-Mills pari of lbc lagrangian is given by 

1 I . 1 -t:.y 11 = 4 d 9/(t)w;w: + h.c. = -;a{Rc/(v>)F,.:.F.:"' + lm/(v>)F,.:.F.:'"} + .. o. (13) 

4 
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·(.../ --~ 

Here 9 ia a complex tw~compooen& lcnnionic variable in supers pace: z --. z, 8, 9, ud we 

b&ve indicated aomc of the tcrDLI that a.ppcaz a.flcr 8 iutesralioo when the auperfidda arc 

expanded in lcnn.o of lheir componcnl lielda. The finl lcrm in lhia expanaion impliea lhal 

. lhc gauge coupling conalanl ia proporlionallo lhc ••• < Rei{ 'I')>. 

ii) The Kihlcr polcnlial K(t,i); K{t,i)l, which delcrmincs, for example, chiral 

muhipld lindic energy lerma: 

£n(t) = K"'/J~op"8"op1 + · · ·, IJ'K 
K"' = /Jop•IJopl· (14) 

iii) The aupcrpolcnlial W(t) = W(i)l, which delcrmincslbe Y.W.wa coupling• and 

lbc scalar polculial: 

£.., = J d'a.•1'W(t) + h.c.; -•g(!i.(!r'l"'!i1 - 3) + ···, {IIi) 

where on lbc righl band aide I have inlroduccd lhc generalized Kihlcr potential 

g; K +ln(WI' (16) 

of Crcmmcr il cl al. (lli). In facl, the theory defined above ia clasoically invariantjlli,l6) wader . 

a Kibler lranaformalion lbat redefines bolh lhc Kahler polcnlial and the auperpolential in 

lcrms of a bolomorphic funclion F(t) = F(t)l: 

K - K'; K + F + F, W - W' = .-'w, {17) 

provided one also transform• the fermiona by a chiral rolalion; (or example 

w• -+ c_._,.,,lv•, A a -+ c-LuF/2 A•. (18) 

Thia lut trandorma.&ion ia &nomUoua a& the quantum level, a point tbat will be importa.nt 

in lbc diacu11ion below. One can fix lhc "Kihlcr gauge• by a specific choice of the funclion 

F. In parlicular, cbooaing F = -In W casta I he lagrangian in a form (lli[lhal depends on 

only lwo (unctions of lhe scalar liclds, I and {i. 

Here I will describe a prololypc[l3[supcrgravily model £rom superslrings, wilh 11011-

perlurba.livc SUSY breaking included (II[. The functions ( 13)-( 15) are given in lerms o( 

I be aupcrliclda ( 12) by 

I= S, (19a) 
N 

K = -ln(S + S)- 31n(T + t -ltl'), I~ I'':' L ~;+', (19b) 
i=l 

W(t) = c;;•~;~;~• + c +he_,..,,,_ (19c) 

The laal lwo lcrms in the supcrpolcnlial W arc paramclrizalions of nonperturba.livc SUSY 

breaking cffeclo(ll). The paraanclcr cis proporlionallo lhc vcv of lbc aolisymmetric lensor 

'-./ '..:t;, 

field olrcnglh (7), and lhc lui lcrm rcpreocnla lhc gaugino condcnsalc (6), where 6., ia a 

group lbeory number lhal dclcrmineo lbe ,8-funclion of lbc hidden oeclor Yang-Mills lheory. 

The form of lhia lcrm can be undculood in Ierma of lbc alandard R.G.E. rcsull, 

- .. & .. /1 
A,;._ .. ,,,. Acur; (,jR .. Rcl), (20) 

logclber wilh lhc relalion implied by {13) and {19a) (lhcre arc no free paramelcra in lhc 

airing lhcoryl) bclwccn lhc ucv of 1 and lhc gauge coupling conalanl 1 al lhc GUT acale 

{ll), where all gauge coupling• arc equal: 

g'(Acur) =< (a .. r• >. (21) 

The alruclure of the condcnoalc lcrm in W is furlhcr jualificd by aymmelry conaidcraliona 

(11,17). For c = h = 0, lhc lbcory is formally invarianl under lhc Kibler lransformalion (17) 

· wilh 

F = io, K-. K, W-+ ci•w, A-+ cu. A, a real. {22) 

This aymmclry, which ia jus I lhc "R-symmclry" of renormalizablc SUSY models, ia broken 

atlhe quantum level (which cannol be ignored for lbe alrongly interacting bidden Yang-Mills 

seclor) due lo lhc chiral anomaly; under {2~) 

6£ =-~~ (FF),.,. (23) 

However, becauac of the coupling (19a), (13) of the Yang-Milla supermulliplel to the S

supermulliplel, the varialion (23) can be cancelled by a ahifl in S: 

S _ S- 2ia 
36.,. (24) 

The combined lranslormations (22) and (24) arc an exact {ncglecling the c-terw and quanlum 

corrections in the observed gauge sedor) inva.riiwce of &be theory; this is refleded by the 

transformalion property 
IV(S) = c_,..,,h- .~W(S) (2.5) 

of the superpotcntial for S in ( 19c ). 

The general features of lhc lhcory defined by (19), firsl oblaincd by Willen (13[ for 

the case of a simple torus compactification, are common to a. broad class of more realistic 

modclo (18). These possess lhc following propcrlics al lhe clasoical level. The gra.vilino mass 

ffi() can be nonva.nishiog, so that local supenyuunctry is broken. The cosn1ologicaJ cooatanl 

vanishes, as do the observable gaugino masses m,, the gauge nonsingletsca.lar masses m.,, a.nd 

"A-lerms", which are lrilinear gauge nonsinglet scalar self-couplings I hal, if present, would 

also break SUSY. Thus lbere io no mani(eslalion of SUSY breaking in lbc observable sector. 
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One loop correction• have been evaluated (19( in lbia cft'eclivc (nonrcnormaliaablc) 

lhcorJ, cui oft' al lhc acalc of gaugino coodcoulion (20), wilb lhc rcsu,h lhal lhc dusical 

fcalurca described above arc unchanged al the one loup lcvd. 

CLASSICAL SYMMETRIES OF THE THEORY 

The dua of 4-d theories considered po11cssca (20) a daaaical nonlinear, noncompacl 

global •JmmclrJ. ThcJ arc iu fact nonlinear u-models, wuch like lhc cft'eclivc pion lhcory 

of low cncr&J QCD, where chiral SU(2) •JmmclrJ ia reali&ed via noolincu lraoaforwaliona 

among lhe pion 6clda. The dift'ercncc here ia lhal lhe global aymmclrJ group ia lhc noncom

pe.cl group SU(l,l): 

GT-i6 . .• •• 
T- T; icT+d' t'- t'; icT+d' s- 5'; S, 

ad-6c; 1, .. ,6,c,drcal. (26) 

For c; h; 0, Eqa.(26) in fad represent a K&b.lcr lraosforwalion (17), with 

F; 3ln(icT +d), (27) 

under which the fuU lagrangian ia invariant provided the fermion fields undergo a cbiral 

lre.osformalion (18). 

The group of lransformaliooa (26) indudea a aubsel, with a= d; 0, 6c; -1, under 

which 
'__, ,.,,, (28) 

where ,.2 ia a finite, coo&iououa, positive, real parameter. The a&ringaca.le Ms it related &o 

the Planck acalc M,. by 

M,. ;< (Ru)l > 1115 , (29) 

ao when lhc theory ia cxprc11ed in airing masa uoila, (28) correspond• loan in•craion of lhc 

radius of compaclificalion ( 1l ): 

R'; Ac~r =< Rc•Rcl > /M~ ;<Rei> /Mj __, b'JR'. (30) 

for I he spccia.l case of integer 6, lhia is lhe wcU known "duality" transformation, which lcav~s 

the a&ring apectrum invariant. 

When we allow e,h j. O,lhc 5(1,1) symmetry can be formally maintained by allowing 

these parawelcn lo transform like a auperpolenlia.l, Eq.(l7): 

~- c' = e-'c, h--. h' = c-'h. (3i) 

Thia makes acnae when one rccalla lhe.l e and h e.rc actually lhc vcv• of underlying dynamic~ 
variablca; therefore &heir valua wiU relu to &hose &hat minimize &be total vacuum energy 

7 
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dcnaiiJ. Thia wu prcciady the alliludc taken in (19(, where il wu fouud lhal observable 

SUSY breaking ....Wobca al I he overall ground alalc of lhc one-loop corrected cft'cctivc theory. 

II baa rcccnllJ been abo.:.n (l(lhe.l lhc classical SU(l,l) aJmmclry ia rcaponsiblc for lbc 

ce.occUalion of obsernblc SUSY breaking cft'ccla found (19( b7 explicit calculation. 

ANOMALIES AS THE SEED OF OBSERVABLE SYMMETRY BREAKING 

The noncompacl oymwclrJ (26) and lhc R-aymmclry (22) e.rc broken al lhc quaolum 

level bJ lhc cbiral anomalJ and alao by lbc conformal anomaly. Thia IaUer anomaly arisea 

bccauae SU(1,1) indudca lhc scale lranalormalion (c ; 6 ; 0, '"f ; 1 in (26)) I - 11
11, 

under which I he cul-ol( for I he theory (which al cncrgiea e.bovc I he acalc of hidden gaugino 

coudcose.lion is jusl Aavr, Eq.(ll)) scales u 

A~ur <X< (R•W' >--< .,-•A~ur· (32) 

Then uodef SU(1,1} x U(l)ll 

U.; 
2
; {RcF(I)E:,P."' + lmF(t)i,:F,!"'} + ... ; -

2
; I d18F(T)W:w: + h.c., (33) 

where f'(:f) b the function dc6oing lbc K&b.lcr lraosformalioo (26} or (22). 

The dominant observable eft'ecl of lhcae anomalica ia asaocialcd wilh I he higbeol mall 

scale e.l which nonperlurbalivc cl(ecls come inlo play. In lhc conlexl of lhc eft'cclivc 4-d field 

theory, these ariae hom insta.ntona and gaa.ugiuo condensation in the hidden Y&Ds-MiUatcclor. 

Ju&l a.s ouc can construct low energy cfl'edive Lagrangian• lor pacudoscalar mcaoua tha.t arc 

gij hound alalea uaing lbc aymwelries of QCD and lhc chiral and conformal anomaly, one can 

uac_(l( SU(1,1} x U(1}11 and ila anomalies, together with aupcrsymmelry (21), lo cooslrucl 

an cft'cclivc lagraogie.o for the composite mulliplel U: 

! W~ W~ __, U ; >.H' cK/I c -U/~, 
4 

(34) 

or cquivalcnllythc cbiral mulliplel H, which ia lhc ligblesl composite slalc, wilb mass rna, 

of lhc (confined) bidden gauge scclor. The Kiihlcr lraosformalion properly of H 

H __, H'; .-rt•n (35) 

can be inferred from &boac of t•, W1111
• With this transformation property, the a.uomalics are 

corrcclly reproduced (21,22,1( by lhc following clfeclive poleulia.llagrangian for the composite 

chiral field: 

c;!.!; I d'6•11''2bo>.c-••I' .. H'ln(H/p) =I d26e11''W(H,S) 

; I d'8(SU + Uln(4Ug1/A~urAI'')(, 

8 

~ ...... /~: 

(36) 



;.1'" '• :-:_ ....... " '-..,t 

which ia abo invaria~~l (22) Wlder the nonaoomaloua lraoaformalion (22) + (24). Aaide Crow 

the numerical paramclera (or order unil7) I' aod .\,the logarithmic term in (36) ia preciad7 

what ia ezpecled from the onc·ioalaolon contribution (23). Note thai AGUr ia the pbJaical 

cui-off for the lhcorJ above the condenaalc acale, a~~d thai the gauge mulliplcla w· arc 

norma.liaed with a factor 11-• =< R .. > rdative to the caoowcal norma.liaation. In addition, 

the ground alate configuration ia determined b7 the minimum with reapecl to H of the 

potential (36). Thia pvca 1 

u• 
< H >=he= l'e-•1•, < h >w= 4 < U >= -!A:. (37) 

II 

Again (37) correaponda czaciiJ lo the one·inalaolon contribution (23). 

II remaina to apecify the H -dependence of I he Kibler potential. The aymmclrica of 

the lhcor7 dictate (l)tbe form 

K = -ln(S + S)- lln(T + t -l•t• -IHI1
). (38) 

The elfeclivc claaaicalthcory bdow the acale of condenaation ia determined by "inte

gating out• the H -aupermulliplel, Lbal ia, by tbe aum of tree diagrama with "light" partidca 

( m < A,) on el<lernallega only. U Lurna oultbat there are no auch diagrama with H -ezchaogc, 

because verlicca with a aingle H leg vaniah at the H ground atate. 

On the other baud, retaining one-loop c:oncctiona from the H degree• o( freedom, 

whoae coupling• uplicilly include the aoomaloua aymmetr7 healing, one linda (1) that the 

elfeclive low energy theory defined inthia way iano longer totally SU(l,l) invariaot, although 

no observable SUSY breaking appear a at the "clauical"levd of thia eft'eclivetbcory. However, 

al the one-loop levd of Lhia elledive theory, gaupno masses are generated in the observable 

acclor that are of order 

1 ' ' ml- (l&,.•m~)'momaA,. (39) 

The fa.clor (b)-• appear• in (39) because the eft'ecl arisea &rat at lwo>-loop order, tbe factor 

mo ia the neceaaaryaignal of SUSY breaking, the faclor mJ. iatbe aignal of SU(l,l) >< U(l)a 

breaking, aod A: ia the effective cui-off. Thia 1""1 factor arises essentially for dimensional 

reaaona: the coupling• responsible for transmitting the knowledge of aymmelry breaking to 

the observable sector arc no&uenormaliza.blc iutcractions with dimcusiouful coupling coustants 

proportional to mp1 . 

Solving (19)1he minimization condition• for the effeclive thcury at the one-loop level 

yields, {or vacua with brolr.en auperaymmelry, the values 
I lA . _1 _ 1 m, 

mo::: 3m"::: 3 , ::: (10 -10 l,;r;;c• (40) 

where Lhe parameler cia proportional Lo the ••• (7) of HuiN· The quantization condition 

(7) and dimensional analyaiaauggesl (19) c > lo"n if c # 0, or 

m 1 < 10-11m,::: 2TeV. (41) 
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Once gauginoa acquire muaea, gauge nonainglclscalan (in parlic.ular the Higgs parliclca) wiU 

acquire muaca m., - f.ml at the next loop order in t.hc rcoormalizablc aaugc iatcracliona. 

The rcaulla reported here way be alighlly, but nol easenlially, modified b7 lbe inclusion 

of a T-dependence in the auperpolenlial W(S, H) defined by (36): I' ~ I'(T). Such a 

modification ia ezpecled, 10 u lo restore (24)the discrcle form (a, 6, c, d inlegera in (26)) of 

SU(l,l), which ia known (2~)to be ao encl symmetry of airing theory. Such a term baa 

recenlly been found (26) u a loop correction to the function /, Eq.(l9a), Crow the heavy 

airing modes. From the point of view of the four dimenaional elleclive fidd theory, such a 

term ia upecled lo arise (I) from T-couplinga lo the .uial current, jual u chirala~~oma.liea in 

QCD induce a pion coupling lo ( F F)q&o via the pion coupling lo the uial quark current. 

The supcratrina context used here ia not the moat general one, but there ia a broad 

clan o( modda with aimila.r {caturca, ao lhcae rcsulta auggcst that there ia hope, alter all, ol 

ulracting meaningful physico from superstrings. 
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