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FOR A FEW SYMMETRIES MORE . . .ORHOW TO COMPUTE THE HIGGS MASS�Christophe GrojeanServi
e de Physique Théorique, CEA/DSM/SPhTUnité de re
her
he asso
iée au CNRSCEA/Sa
lay, F-91191 Gif-sur-Yvette 
édex, Fran
e(Re
eived June 26, 2002)Dedi
ated to Stefan Pokorski on his 60th birthdayThe new idea of de
onstru
tion allows to realize the physi
s of extradimensions in a stri
tly four dimensional set-up. After a short review ofthese te
hniques extended to supersymmetry, I will report on an appli
a-tion to build models in whi
h the low energy spe
trum shows no sign ofsupersymmetry but still the radiative 
orre
tions to the mass parametersare weakly dependent on the 
uto� s
ale, if this one remains low enough.As a 
onsequen
e, the Higgs mass dependen
e in high energy physi
s ise�e
tively parametrized by the de
onstru
tion s
ale whi
h also �xes thegauge boson masses through the Higgs va
uum expe
tation value. In thisregard, de
onstru
tion, somehow as gauge invarian
e, is a dynami
al prin
i-ple that di
tates the intera
tions of parti
les and gauge �elds at low energyand quantum level.PACS numbers: 12.60.Jv, 12.60.Cn, 12.15.Lk1. Ele
troweak symmetry breaking and the quest for new physi
sThe stru
ture of Stefan Pokorski's 
areer and works ni
ely reprodu
esthe stru
ture of the Standard Model of Parti
le Physi
s. Indeed an intrusiveinspe
tion on Spires (find a Pokorski,s and top
ite 100+) will easily
onvin
e anyone that his papers belong to three di�erent se
tors: the gaugese
tor [1℄, the �avor se
tor [2℄ and the ele
troweak symmetry breaking se
-tor [3℄. As for all of us, his interest in the me
hanism of SU(2)L � U(1)Y� Presented at Plan
k 2002, the Fifth European Meeting, From the Plan
k S
ale tothe Ele
troweak S
ale �Supersymmetry and Brane Worlds�, Kazimierz, Poland, May25�29, 2002. Spe
ial session dedi
ated to S. Pokorski on the o

asion of his 60-thbirthday. (2385)



2386 Ch. Grojeanbreaking is 
ertainly motivated by its potential relevan
e in the illustriousquest for new physi
s. I will report here on his last proposal for an ele
-troweak symmetry breaking s
enario [5℄, whi
h I had the honor and the plea-sure to think of with Stefan and his youngest 
ollaborator Adam Falkowski.This proposal makes use of the notion of de
onstru
tion theories pioneerlyunraveled by Stefan and his 
ollaborators and that I will review in the nextSe
tion.The Ele
troWeak Symmetry Breaking (EWSB) se
tor is essentially 
har-a
terized by two unknown parameters: the Higgs mass and the 
uto� s
aleof the Standard Model (SM). These two parameters have es
aped any dire
tmeasurements so far. Yet theoreti
al 
onsisten
y 
onstraints like the noto-rious unitarity, triviality, stability & naturality bounds (for a re
ent review,see for instan
e [4℄) as well as indire
t measurements through ele
troweakpre
ision data jeopardize our 
urrent understanding of the SM quantumstru
ture and 
ontrive any extension beyond the SM. In revealing a deep
onne
tion between physi
s at high energies and EWSB, the two papers [6℄were of primordial importan
e: they established that, while supersymme-try �xes the tree level Higgs potential, soft breaking terms indu
e radiative
orre
tions that trigger EWSB at one loop. The only remaining problemwas thus to understand how supersymmetry itself is broken. The standardlore for the last twenty years was that supersymmetry is broken in a hiddense
tor and this breaking is mediated through gravity or gauge intera
tion tothe visible se
tor. Unfortunately, the low energy theory 
ontains more thanone hundred of parameters that have to be somehow �ne-tuned to pass allphenomenologi
al tests. Meanwhile, inspired by string theory, an alternativeand more geometri
al approa
h to break supersymmetry was worked out [7℄using 
ompa
ti�
ation of extra dimension. The idea is to impose di�erentboundary 
onditions to the di�erent 
omponents of a supersymmetri
 mul-tiplet. While the low energy theory may break all the super
harges of thehigh energy theory, it has been realized re
ently [8℄ that the lo
al symmetryproperties along the extra dimension, even if globally broken, 
an still di
tatethe stru
ture of the theory at low energy and then prote
t it from harmfulradiative 
orre
tions. The pri
e to pay is to deal with higher dimensionalgauge theories plagued by non-renormalizability.2. De
onstru
tionThe re
ent progresses of String Theories have led physi
ists to a re-thinking of the nature of spa
e-time dimensions [9℄. First T -duality nul-li�es the notion of large and small dimension sin
e the spe
trum Mn;m =n=R +mR=l2s is invariant under the ex
hange of Kaluza�Klein and wind-ing modes when R $ l2s =R (ls is the string length s
ale). Even more, S



For a Few Symmetries More . . . 2387duality tea
hes us that a spa
e dimension is an emergent phenomena asso-
iated to a strongly 
oupled dynami
: the size of the eleventh dimension ofM -theory, R = gsls, really opens up non perturbatively from a ten dimen-sional strongly 
oupled string theory. In an extreme step, the Matrix Theorydes
ription of M -theory proposes to abolish all spa
e dimensions and to re-du
e string theory to quantum me
hani
s over a spa
e of matri
es.Last year Stefan, Hill and Wang [10℄, and simultaneously Arkani-Hamed,Cohen and Georgi [11℄, realized that one does not have to rely on string the-ory to taste the emergen
e of extra dimensions. A
tually even in high s
hoolanyone experien
ed su
h a phenomena: simple point like balls linked to ea
hother by springs behave, at distan
es larger than the distan
e between theballs, as a true one-dimensional string [12℄. This me
hani
al analogy allowsto 
onstru
t 5D gauge theories out of 4D gauge theories. The energy ofthe spring-ball system, E = Pi 12mi _x2i + 12ki(xi � xi+1)2, be
omes a La-grangian des
ribing the dynami
s of several 
opies of intera
ting 4D gauge�elds Ai: L = Pi�14F i��F ��i + 12m2(Ai� � Ai+1� )2. In order to preserveunitarity, the hoping mass term advantageously emerges dynami
ally in aHiggs phase when link s
alars �i, transforming as bifundamental under twoadja
ent gauge groups, a
quire a va
uum expe
tation value (note that thelink s
alars 
an themselves des
ribe fermioni
 te
hni
olor-like 
ondensatesof asymptoti
ally free theories). This approa
h is nothing but a latti
izationof the �fth dimension where the link s
alars are Wilson lines 
onne
ting twonearest-neighbor gauge groups. In the Higgs phase, the produ
t of gaugegroups is broken to the diagonal gauge group and the broken-massive gaugebosons 
an be identi�ed with the KK modes of a 5D gauge theory. Morepre
isely, the following theory spa
e 
on�guration:"!# "!# "!# "!# SU(M) SU(M) SU(M) SU(M)�1 �N�1after spontaneous breaking, �i = v1, involves one massless SU(M) gaugeboson in intera
tion with N�1 massive gauge bosonsm(k) = 2gv sink�=2N ,k = 1 : : : N � 1. The stru
ture of the intera
tions exa
tly mat
hes with theKK modes one resulting from a S2=Z2 orbifold 
ompa
ti�
ation and, in thelarge N limit, the spe
tra also agree. There is a one to one 
orresponden
ebetween the three parameters de�ning the moose theory (g;N and v) andthe three parameters de�ning the 5D orbifold theory (the gauge 
ouplingg5, the radius R of the orbifold and the 
uto� s
ale �): g5 = pg=v;R =N=(�gv);� = �gv. The KK states of the extra dimension arise from havingmany gauge symmetries in four dimensions.This approa
h 
an be extended to supersymmetri
 gauge theories[11, 13℄. The gauge �elds are promoted to full 4D N = 1 ve
tor super-



2388 Ch. Grojean�elds while the link s
alars are promoted to 
hiral super�elds. In order tolift �at dire
tions and to give masses to singlets, a superpotential is intro-du
ed: W = �2�MPNi=1 Si(det�i � vM ), where Si are Lagrange multiplier
hiral super�elds. The resulting spe
trum isS
alar Fermion Ve
torm = 0 2(M2 � 1) real 2(M2 � 1) Weyl M2 � 1m(k) M2 � 1 real M2 � 1 Dira
 M2 � 1and exhibits a 4D N = 2 stru
ture whi
h also results from the dis
reteLorentz invarian
e with the same speed of light along the �fth dimension asfor the other four.The introdu
tion of matter requires a doubling (matter and mirror mat-ter) to 
onstru
t a supersymmetri
 hopping superpotential:W =Xi yi ~Qi�iQi+1 +Xi mi ~QiQi :(Qi, resp. ~Qi, transforms as fundamental, resp. antifundamental, represen-tation of SU(M)i.) The N = 2, or 5D Lorentz invarian
e, is preserved if andonly if the Yukawa 
ouplings yi are equal to the gauge 
ouplings. Further-more, the resulting N = 2 hypermultiplet will be massless when mi = �gv.As I will des
ribe in the next se
tion, one use of de
onstru
tion (su-persymmetri
) theories is the breaking of supersymmetry in the low energye�e
tive a
tion. Indeed a hard supersymmetry breaking in theory spa
e 
anmanifest itself softly below the de
onstru
tion s
ale v in the sense that ra-diative 
orre
tions to the Higgs mass will be sized by v and not the 
uto�s
ale of the theory (provided that this one remains low enough).3. Soft ele
troweak breaking from hard supersymmetry breakingDe
onstru
tion helps to ta
kle the hierar
hy problem in the sense thatdivergen
es in non-supersymmetri
 theories 
an be 
onsiderably softened
ompared to generi
 4D theories1. The aim of the following toy model basedon repli
ation of SU(2) 4D gauge groups (we will 
omment later on theintrodu
tion of U(1)Y intera
tions) is to illustrate this softening.We start with N = 1 supersymmetri
 models 
onsisting of a 
hain of Ngauge groups whi
h 
ommuni
ate to ea
h other through N�1 bifundamentallink super�elds �i. To realize the SM matter and Higgs �elds in the bulk weneed to de
onstru
t 5D hypermultiplets. To this end, to every gauge group1 Re
ently, another approa
h to EWSB in de
onstru
tion has been proposed [14℄.



For a Few Symmetries More . . . 2389we atta
h a set of 
hiral multiplets: `Higgs doublets' and `quark doublets',in the fundamental of the i-th group and their mirror partners with oppositequantum numbers. The superpotential is 
hosen as2:W = N�1Xi=1 yhi ~Hi�iHi+1� NXi=1mhi ~HiHi+N�1Xi=1 yqi ~Qi�iQi+1� NXi=1mqi ~QiQi : (1)To 
omplete the Standard Model quark spe
trum we need to add right-handed quark multiplets Ui and Di and their mirrors. Sin
e no 
olor orhyper
harge group is present in our toy-model these �elds are singlets. Thesuperpotential is 
hosen as W =PN�1i=1 yui ~UiUi+1 �PNi=1mui ~UiUi and anal-ogously for Di. In order to get the Yukawa intera
tions of the Higgs bosonwith the up-quarks it is su�
ient to add to the superpotential the Yukawaterm whi
h involves only the super�elds from the �rst site W = �Q1H1U1.At this point one 
ould pro
eed towards the phenomenologi
al models inthe standard way, that is add soft terms to obtain splittings of the multipletsand to trigger the ele
troweak symmetry breaking. De
onstru
tion allowsto investigate an alternative road.3.1. Yukawa loop 
orre
tions to the Higgs boson massGeneri
ally, the dominant 
ontribution to the one-loop Higgs mass isdue to Yukawa intera
tions with the top quarks. In SM this 
ontributionis quadrati
ally divergent, while in the MSSM the quadrati
 divergen
e is
an
eled by the top squark loops. Here, we analyze the set-up where su
hboson-fermion 
an
ellation o

urs when we break supersymmetry in a hardway by removing some of the degrees of freedom in a non-supersymmetri
way. For the dis
ussion of divergen
es it is irrelevant what is the pre
isepattern of the breaking; the only important thing is that the part of theLagrangian involving the �elds of the �rst site maintains the supersymmetri
form. In parti
ular, we assume that all supertra
es at the �rst site arevanishing.If the link vevs are absent it is 
lear that at one-loop Yukawa inter-a
tions do not feel the supersymmetry breaking on the other end of the
hain. Thus, the one-loop radiative 
orre
tion to the h1 squared mass pro-portional to the Yukawa 
oupling � are absent. As soon as we swit
h on thelink vevs, the �elds living at di�erent sites are allowed to mix and we haveto perform an orthogonal transformation to diagonalize the mass matrix.Sin
e supersymmetry is broken, generi
ally the spe
trum is 
ompletely non-supersymmetri
 (boson and fermion masses will be di�erent and there 
an2 From now, xi and  Xi will denote respe
tively the s
alar and the 
hiral fermioni

omponents of the 
hiral super�eld Xi. The mass eigenstates will be denoted withparenthesized subs
ripts: x(m) and  X(m) with masses mx(m) and mX(m).
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H u(n); q(n)

~q(m); ~u(m) H H  Q(n)
 U(m) H H u(n); q(n) HFig. 1. One-loop diagrams involving the top Yukawa 
oupling and 
ontributing tothe squared mass of the Higgs boson.be a di�erent number of bosoni
 and fermioni
 degrees of freedom). How-ever, the �-proportional 
orre
tions to the Higgs mass are still 
ontrolled bythe �rst site and, as a 
onsequen
e, they are �nite! To see this we need toperform an orthogonal transformation to express the original �elds in termsof the mass eigenstates: qi = Pn aqi nq(n),  Qi = Pn bQin Q(n) . The zeromode Higgs mass re
eives one-loop radiative 
orre
tions proportional to theYukawa 
oupling through the diagrams depi
ted in Fig. 1. The divergen
esin Æm2 are found to be proportional to:Æm2 � �2  Xn jaq1 nj2 � �Xn jbQ1nj2�2!+2 ln�2 �mQmQy �mq2�11 : (2)The 
oe�
ient of the quadrati
 divergen
e vanishes by the fa
t, that aqi n,bQin are 
oe�
ients of the orthogonal transformation diagonalizing the squarkand quark squared mass matri
es, respe
tively (similar relations have alsobeen used to simplify the logarithmi
ally divergent part). This leads to the
on
lusion that the Higgs mass gets logarithmi
ally divergent 
ontributionproportional to the supertra
e in the quark se
tor at the �rst site, whi
hwe assumed to vanish. Thus, in spite of the fa
t that the theory is non-supersymmetri
, the Higgs mass (in fa
t the same holds for the squarks)gets, from the Yukawa intera
tions, only a �nite one-loop 
orre
tion to itsmass. These 
on
lusions hold even if the model has a di�erent number ofbosoni
 and fermioni
 degrees of freedom!To illustrate this dis
ussion we present a 
onstru
tion inspired by the�ve-dimensional of the BHN model [8℄. Arriving at the spe
trum of [8℄involves some tunings of the parameters. But we stress that these tuningsare by no means important for the 
an
ellation of divergen
es; they serveonly to obtain simple mass matri
es, so that formulae for the Higgs bosonmass 
an be evaluated expli
itly. So we tune the parameters as (g0 is the
ommon gauge 
oupling):yhi = yqi = ydi = yui = g0 and mhi = mqi = mdi = mui = g0v : (3)



For a Few Symmetries More . . . 2391We also add �N link-Higgs, as in Fig. 2, whi
h we need to avoid a masslessgaugino mode.
"!# SU(2) (0;  �N )(AaN ; �aN )

(hN ;  HN ) (0;  ~HN )(qN ;  QN ) (~qN ; 0)Fig. 2. The magnifying glass view of the N -th site of the model. The �elds �N , ~hNand  ~QN have been removed in order to break supersymmetry and indu
e a masssplitting in the low-energy theory.We break supersymmetry by setting �N , ~hN and  ~QN � the mirror
omponents of the SM �elds � to zero in the Lagrangian (see Fig. 2). Thisis, of 
ourse, hard breaking of supersymmetry, as some of the �elds at thelast site lose their superpartners (a similar supersymmetry breaking has alsobeen proposed in Ref. [15℄). At the massless level we have only the gauge�eld, quarks and the Higgs boson. Their lightest superpartners have masses~m(1) � g0v=(2N + 1) and in
lude a Dira
 gaugino, two squarks for everyquark and a Dira
 Higgsino.The one-loop radiative 
orre
tion to the Higgs mass 
an now be 
om-puted expli
itly and after some algebra, we arrive at:Æm2 = ��2t g2v2 F (�; N) ; (4)where F (�; N) is a pure numeri
al fa
tor given by:F (�; N) = N3�2 XZ0 dx 
h x sh3 x (
h 2x+ 1)(
h 2x+ 2
h 4Nx� 1)sh2 2Nx 
h2 (2N + 1)x (5)the 
uto� X being related to the 
uto� s
ale of the theory by �=2g0v shX.The normalized 
oupling, �t = �=N3=2, is the Yukawa 
oupling of the zeromode Higgs to the zero mode quarks, i.e., the Yukawa 
oupling of the ef-fe
tive SM; similarly, g = g0=pN is the zero mode SU(2) gauge 
oupling.Noti
e that a

ording to our general dis
ussion, F (�; N) is �nite when �goes to in�nity.We have shown in general that one-loop 
orre
tions in 
ertain non-supersymmetri
 theories 
an be surprisingly softened. What about two- and



2392 Ch. Grojeanhigher-loop 
orre
tions? The one-loop 
an
ellation of quadrati
 divergen
esdepends 
ru
ially on the tree-level equality of the Yukawa and 4-s
alar 
ou-plings of the Higgs �eld on the �rst site. However, due to the mass splittingbetween quarks and squarks these 
ouplings are renormalized di�erently.Thus we expe
t quadrati
 divergen
es to reappear at the two-loop level.3.2. Gauge loop 
orre
tions to the Higgs boson massEx
ept for the top-Yukawa 
ouplings there are other sour
es of quadrati
divergen
es whi
h are proportional to the gauge 
oupling or to the Yukawa
ouplings to the link �elds. Following the dis
ussion of the top-Yukawa 
on-tributions we analyze the general 
onditions to avoid any quadrati
 diver-gen
es. The �rst potential sour
e originates from the 
ouplings of the Higgs�eld to the gauge multiplet and to itself in the D-term s
alar potential. These
ond sour
e 
omes from the F -term of the superpotential. The situationis qualitatively di�erent than in the 
ase of top-Yukawa 
ontribution, asintera
tions o

ur at all sites. To avoid quadrati
 divergen
es proportionalto g0 we have to ensure that at every site the full Higgs multiplet intera
tswith the full gauge multiplet.Similarly, for quadrati
 divergen
es proportional to yi to be absent, weneed full link and mirror multiplets to be present at the i-th site. Note that,sin
e yN � 0, adding or removing s
alar link and mirror degrees of freedomat the N -th site has no 
onsequen
e for the divergen
e of the Higgs mass.We used this fa
t in our model and pla
ed the hard supersymmetry breakingse
tor at the N -th site.
H H(n)

�a(m); �s(n) Hy H �(n);  �a(n) ;  �s(n)
 H(m) Hy H

A�; h(n); ~h(n); �s(n); �a(n)HyFig. 3. One-loop diagrams involving gauge intera
tions and 
ontributing to thesquared mass of the Higgs boson.In our spe
i�
 model these intera
tions are all proportional to the gauge
oupling (as we tuned the link-Yukawa 
ouplings with the gauge 
oupling).The diagrams that 
ontribute to the one-loop zero mode Higgs mass aredepi
ted in Fig 3. They give:Æm2 = �g4v2G(�; N) ; (6)



For a Few Symmetries More . . . 2393where g is the zero mode SU(2) gauge 
oupling and v is the de
onstru
tions
ale. The numeri
al fa
tor G(�; N) is given in terms of a 
ompli
atedintegral expli
itly written in [5℄. As it 
an be 
he
ked and following ourgeneral dis
ussion, this integral is free of quadrati
 divergen
e. However, itexhibits a logarithmi
 divergen
e in the 
uto� s
ale:Æm2 = 68�2 g4v2N ln �2gvpN : (7)The 
uto� dependen
e is similar as in the softly broken supersymmetry, buttheMSUSY s
ale is repla
ed here by the de
onstru
tion s
ale v. If v is 
lose tothe weak s
ale (whi
h is the 
ase as long as N is not too large) then the one-loop sensitivity to the 
uto� is weak and the only dependen
e in high energyphysi
s to the Higgs mass is parametrized by the de
onstru
tion s
ale, v.3.3. One-loop e�e
tive potential and EWSBThe previous evaluation of the Yukawa and gauge radiative 
orre
tionsto the zero mode Higgs mass suggests that they will trigger the ele
troweaksymmetry breaking. To study in full details this breaking, we need now to
ompute the one-loop e�e
tive potential given by:V = 12 Tr Z d4kE(2�)4 ln k2E +m2b(vH)k2E +m2f (vH) ; (8)where mb and mf are respe
tively the bosoni
 and fermioni
 mass matri
esas fun
tions of the vev of the Higgs �eld, vH3. We 
onsider only the top-multiplet 
ontribution and the dependen
e on the Higgs vev is 
oming fromthe Yukawa intera
tions lo
alized on the �rst site only.For the stop se
tor, we obtain the following squared mass matrix (m, n,p, q = 1 : : : N):0� ~m2(m)Æmp + ab 
(m) 
(p) bb ~m(m) 
(m) 
(q)bb ~m(p) 
(n) 
(p) ~m2(n)Ænq 1A ; (9)where we have de�ned: 
(m) = 
os (2m�1)�4N+2 , and the two 
oe�
ients ab andbb are related to the Yukawa 
oupling as:ab = 4�2v2H(2N + 1)N and bb = � 4�vH(2N + 1)pN : (10)3 In this paper, our 
onvention is to de�ne vH as the vev of the 
omplex Higgs �eld,i.e., vH � 174 GeV.



2394 Ch. GrojeanNote that squarks mix with mirror squarks on
e the ele
troweak symmetryis broken.Similarly in the top se
tor, the squared mass matrix reads (m; p =0 : : : N � 1, n; q = 1 : : : N � 1):0� m2(m)Æmp + af �m�p d(m) d(p) bf �mm(q) d(m) d(q)bf �pm(n) d(n) d(p) m2(n)Ænq 1A ; (11)where we have now de�ned d(m) = 
os m�2N , and the two 
oe�
ients af andbf are given by: af = 2�2v2HN2 and bf = � 2�vHNpN : (12)Let us mention that two important supertra
es are independent of thevev of the Higgs:STrM2 = 2 g20v2 and STrM4 = 6 g40v4 : (13)This ensures that the one-loop potential for vH has no divergent dependen
eon the 
uto� of the theory: the EWSB is triggered by the low energy physi
sand is not dominated by unknown physi
s that will be revealed at or abovethe 
uto� s
ale. Adding the tree-level Higgs self-
oupling originating fromthe D-terms, we get:V (vH) = 18g2v4H + 316�2 STrm4 ln� m22g0v� ; (14)where the supertra
e is over the 2N bosoni
 and 2N�1 fermioni
 eigenvaluesof the matri
es (9) and (11).Let us now turn to the determination of the spe
trum. The se
ularequation of the stop squared mass matrix is given by:1� 16�2v2HN(2N + 1)2 �2 NXm=1 
os2 (2m�1)�4N+2~m2(m) � �2 !2 = 0 (15)whi
h, using some remarkable identities, 
an be rewritten as a polynomialequation of degree 2N :RTN (1� x2) = � xRUN�1(1� x2) ; (16)



For a Few Symmetries More . . . 2395where x is the dimensionless eigenvalue x = �=(2g0v), � = �tvHN=(g0v)
hara
terizes the Higgs vev in units of g0v, and RTN and RUN�1 are theredu
ed Chebyshev polynomials:RTN (X) = T2N+1(pX)pX and RUN�1(X) = U2N�1(pX)pX : (17)Similarly, the fermioni
 se
ular equation is1� 4�2v2HN3 �2 N�1Xm=0 �2m 
os2 m�2Nm2(m) � �2!2 = 0 (18)and it 
an be written in the form of a polynomial equation of degree 2N �1:RTN�1(1� x2) = ��1 xRUN�1(1� x2) : (19)All the pie
es are now set to numeri
ally evaluate the potential V (vH)and �nd its minimum. The results are plotted in Fig. 4 for di�erent values ofthe repli
ation number N . The Higgs mass after EWSB be
omes a fun
tionof low energy parameters only: the top Yukawa 
oupling, the Higgs vev, the
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Fig. 4. One-loop e�e
tive potential for the Higgs s
alar �eld for di�erent value ofthe repli
ation number N . As in softly broken supersymmetri
 theories, the treelevel Higgs potential is �xed by symmetry and radiative 
orre
tions trigger EWSB.The Higgs vev is a fun
tion of the top Yukawa 
oupling, the SM gauge 
oupling
onstants and the de
onstru
tion s
ale. Figure (a) plots the potential in units ofthe de
onstru
tion s
ale. When the Higgs vev is �tted to its phenomenologi
alvalue (�gure (b)), a predi
tion for the Higgs mass is obtained.
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troweak gauge 
oupling and the repli
ation number. The de
onstru
tions
ale, v is indeed �xed in terms of the low energy parameters on
e the Higgsvev is �tted to its phenomenologi
al value. Some numeri
al results are givenin Table I for the Higss mass, the stop mass, the �rst KK ex
itation of thetop and the de
onstru
tion s
ale, v. TABLE ISpe
trum after EWSB for di�erent values of the repli
ation number, N .Higgs mass stop mass top �rst KK v(GeV) (GeV) (GeV) (GeV)N = 2 158 142 502 437N = 3 166 158 532 565N = 4 170 161 533 664N = 5 172 167 537 745N = 10 178 164 517 10513.4. Towards a more realisti
 modelFinally, we 
omment on how the toy-model presented here 
an be ex-tended to mat
h the Standard Model phenomenology. The obvious missingpie
es are:� SU(3) 
olor group In the real world quarks transform in the 3 or�3 representation of the 
olor group. Repli
ating SU(3) gauge groupso as to obtain only one o
tet of massless gluon and superpartnersseparated by a mass gap does not bring any 
ompli
ation. One in-trodu
es a set of link-Higgs super�elds �i transforming as (3i;�3i+1)and the rest of the 
onstru
tion is analogous to the SU(2) 
ase. Theproblem appears when we want to obtain the KK-tower for the quarkdoublets; the gauge invariant superpotential must now have the formW = g0P( 1v ~Qi�i�iQi+1 � v ~QiQi) and leads to non-renormalizableintera
tions. A more satisfa
tory alternative whi
h allows to main-tain renormalizability is not to repli
ate the 
olor gauge group andassume that all quark super�elds Qi, Ui and Di are 
harged under asingle SU(3). Then the superpotential for these super�elds has thesame form as in the pure SU(2) 
ase. Of 
ourse, then the model hasno extra-dimensional interpretation but this does not 
hange any 
on-
lusions about softness of the radiative 
orre
tions. It is nothing buta de
onstru
ted version of a brane-world s
enario where QCD inter-a
tions are lo
alized on the brane while weak intera
tions are free topropagate in the bulk.



For a Few Symmetries More . . . 2397� U(1) hyper
harge group Similar problems as in the SU(3) 
ase arisewhen we repli
ate the hyper
harge group: writing an invariant super-potential so as to get the KK-tower of quarks and leptons impliesnon-renormalizable intera
tions. In addition, one must worry aboutanomalies, whi
h must be 
ompensated, e.g., by de
onstru
ted Wess�Zumino terms [16℄. Therefore, the more plausible alternative is notto repli
ate the hyper
harge group. One avoids non-renormalizableintera
tions and as a byprodu
t the anomalies automati
ally 
an
el.Indeed, the fermion spe
trum at all sites but the last one is ve
tor-like: every fermion is a

ompanied by the mirror fermion with oppositequantum numbers. At the N -th site the fermion spe
trum is the sameas in the MSSM. However, the s
alar 
ontent is di�erent and trY doesnot vanish, whi
h is a sour
e of quadrati
 divergen
es4. Moreover sin
ethe U(1)Y intera
tions break translational invarian
e along the �fthdimension, exa
t 
an
ellation between boson and fermion loops doesnot hold. A
tually, the U(1)Y intera
tions give a quadrati
 divergent
ontribution to the Higgs zero mode mass:Æm2 = 32 g02�216�2 :Requiring that this 
ontribution remains subdominant requires a rel-atively low 
uto� s
ale around 5 TeV.4. Con
lusionDe
onstru
tion, somehow as gauge invarian
e, is a dynami
al prin
iplethat 
ontributes to di
tate the intera
tions of parti
les and gauge �elds. Asadvo
ated in this pro
eeding, de
onstru
tion 
an be a useful tool to breaksupersymmetry without relying on an unknown and highly 
onstrained softse
tor: indeed even if supersymmetry is hardly broken lo
ally in theoryspa
e, the stru
ture of intera
tions as resulting from de
onstru
tion is su
hthat the Higgs potential at one loop remains governed by the symmetry ofthe theory (as long as the 
uto� s
ale remains below around 5 TeV) anddoes not depend in the details of the physi
s at high energy that e�e
tivelymanifests itself at low energy through the de
onstru
tion s
ale. Then thetop Yukawa 
ouplings trigger EWSB and this breaking is di
tated by lowenergy parameters only.4 We thank H.P. Nilles and S. Raby for interesting 
omment on this point. See [17℄ fora dis
ussion on similar e�e
ts in 5D theories
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