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ow, RussiafDepartment of Physi
s and Institute of Theoreti
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s, University of Crete71003, Heraklion, Gree
eRe
eived O
tober 31, 2014It is pointed out that the top-quark and Higgs masses and the Higgs VEV with great a

ura
y satisfy the rela-tions 4m2H = 2m2T = v2, whi
h are very spe
ial and reminis
ent of analogous ones at Argyres�Douglas pointswith enhan
ed 
onformal symmetry. Furthermore, the RG evolution of the 
orresponding Higgs self-intera
tionand Yukawa 
ouplings �(0) = 1=8 and y(0) = 1 leads to the free-�eld stable point �(MPl) = _�(MPl) = 0 inthe pure s
alar se
tor at the Plan
k s
ale, also suggesting enhan
ed 
onformal symmetry. Thus, it is 
on
eivablethat the Standard Model is the low-energy limit of a distin
t spe
ial theory with (super?) 
onformal symmetryat the Plan
k s
ale. In the 
ontext of su
h a �s
enario�, one may further spe
ulate that the Higgs parti
le isthe Goldstone boson of (partly) spontaneously broken 
onformal symmetry. This would simultaneously resolvethe hierar
hy and Landau pole problems in the s
alar se
tor and would provide a nearly �at potential with twoalmost degenerate minima at the ele
troweak and Plan
k s
ales.Contribution for the JETP spe
ial issue in honor of V. A. Rubakov's 60th birthdayDOI: 10.7868/S00444510150300271. INTRODUCTIONS
alar theory, unless it is free, su�ers from two se-vere problems: the Mos
ow zero (Landau pole) prob-lem [1℄, well established in latti
e 
al
ulations [2℄ and
onstru
tive �eld theory [3℄, and the hierar
hy problem.This 
ould 
ast a dark shadow on the Standard Model(SM), whi
h depends 
ru
ially on the s
alar Higgs �eld.The most popular ways to avoid them propose serious*E-mail: gorsky�itep.ru**E-mail: mironov�itep.ru; mironov�lpi.ru***E-mail: morozov�itep.ru****E-mail: tomaras�physi
s.uo
.gr

modi�
ations of the SM at the TeV regime, either byadding super-partners to known elementary parti
les orby making some of them 
omposite, or both. However,in
reasing attention is re
eived re
ently by an alterna-tive paradigm [4�7℄, a

ording to whi
h there 
an beno new physi
s beyond the SM all the way up to oraround the Plan
k s
ale, that the above problems ofthe s
alar se
tor are red herrings, and that the appar-ent �ne-tuning of the Higgs potential is in fa
t an in-es
apable 
onsequen
e of its distin
t form in a healthyfundamental theory de�ned at Plan
k energies.The main arguments in favor of this s
enario arebased on the very spe
ial values of the Higgs andtop-quark masses mH and mT , or, equivalently, of399
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alar self-
oupling �(0),most relevant to our dis
ussion, the three gauge 
ou-plings g(0) � (g1(0); g2(0); g3(0)), and the top Yukawa
oupling 
onstant y(0), whi
h in the 
onventional ap-proa
hes are 
onsidered �a

idental 
oin
iden
es�, whilein the alternative one, very important eviden
e. Spe
i-�
ally, this �s
enario� builds upon the following experi-mental fa
ts and aims at providing alternative resolu-tions of the 
orresponding puzzles:Fa
t 1: The values �(0), g(0), y(0) are �ne-tunedsu
h that at the Plan
k s
ale, i. e., for t = log�2 �� (0:5�1) logMPl, we simultaneously have_�(MPl) = 0;�(MPl) = 0: (1)Puzzle 1: This seems to suggest that Nature startedat the Plan
k level at a very distinguished point, where� is stable and vanishing (free s
alar theory), and af-ter that the RG evolution, mainly due to the evolutionof the gauge 
ouplings, whi
h were not stable at MPl,brought the s
alar �eld to its present state with a very
on
rete potential.Reverting the statement, is the ��4 se
tor of thestandard model �ne-tuned to be �asymptoti
ally se-
ure�, instead of exhibiting unhealthy Landau pole be-havior?Fa
t 2 (perhaps, related to 1): A

ording to [8, 9℄:it seems that the values �(0), g(0), y(0) are �ne-tunedsu
h that the e�e
tive potential for the s
alar �eld, inaddition to the SM Higgs va
uum expe
tation valueh�i = v, has another lo
al minimum at h�i �MPl andnearly degenerate with the standard one. Perhaps, ourminimum at v is even slightly metastable, sin
e the SMparameters may be lying in a very narrow metastabilityregion.Puzzle 2: Does this form of the e�e
tive potential,whi
h seems quite spe
ial, suggest something impor-tant about the fundamental theory of Nature, or is itjust a 
oin
iden
e?Fa
ts 3 & 4 (two relations): It is an experimen-tal fa
t that the Higgs mass, the top-quark mass, andv satisfy the relations4m2H = 2m2T = v2 (2)with mira
ulous a

ura
y, i. e., there seems to be a 
lear
onspira
y between the Higgs, the top-quark, and theW/Z-boson masses. More pre
isely,p2mTv = 0:9956� 0:0044;p2mHmT = 1:0252� 0:0073: (3)

These are the pole (hen
e, not running) masses, and theHiggs �eld va
uum expe
tation value is de�ned fromthe value of the Fermi 
onstant:mH = 125:66� 0:34 GeV ;mT = 173:34� 0:76 GeV ;v = 121=4pGF = 246:21817� 0:00006 GeV: (4)Using (4), we obtain the Yukawa (y) and Higgs self-
o-uplings (�) as y = 1 �mT = vp2� ;� = 18 �mH = v2� : (5)Puzzles 3 & 4: Is it possible that these spe
ial valuesof the 
ouplings and the 
orresponding mass relationspoint to some hidden symmetry underlying the SM,whi
h should further enhan
e a 
onformal-like symme-try at the Plan
k s
ale, as is strongly suggested by (1)?What this symmetry 
ould be? Have we ever before en-
ountered a similar situation? We point out in Se
. 4that su
h relations are reminis
ent of the Argyres�Douglas point known to exist in 
ertain theories withenhan
ed symmetry. In that 
ontext, su
h mass rela-tions are 
onsequen
es of the symmetries of the theoryand should be stable under the RG �ow. In this 
on-ne
tion, the following is a very wel
ome additional fa
t.Fa
t 5: The di�eren
e � = j 18y2��j < 0:05 remainssmall all along the RG-evolution region, and hen
e theArgyres�Douglas-like relation is RG-stable with rela-tively satisfa
tory a

ura
y.Puzzle 5: However, this statement is sensitive tothe exa
t value of the top-quark mass (whi
h is so farobtained with good a

ura
y only by 
ombining the re-sults of four 
ollaborations [10℄). Stability of the abovedi�eren
e is pronoun
ed espe
ially well (see Fig. 3 be-low) if the parameters of the SM are 
hosen su
h thatrelations (1) are exa
t, as is expe
ted in the 
ontext ofan alternative paradigm spe
ulated here. Does this ad-justment a
tually take pla
e when improved by higher-loop 
orre
tions and more pre
ise measurements?Assuming that it does, this 
hoi
e of the SM pa-rameters leads to another interesting bonus:Fa
t 6: For the values of the parameters of theStandard Model that lead to relations (1), the 1-loope�e
tive potential has a se
ond almost degenerate min-imum at a �eld value pra
ti
ally equal to the Plan
ks
ale (see Fig. 4 below).Puzzle 6: Thus, the Plan
k s
ale, whi
h is notpresent in the Lagrangian of the Standard Model, is400
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ally : : :nevertheless hidden in the a
tual values of its parame-ters and the 
onje
tured property (1) of the fundamen-tal theory at MPl.All these puzzling fa
ts seem to imply that the pa-rameters of the Standard Model are not at all a

i-dental. Instead, they may be fully determined by anassumption that the Standard Model is a low-energylimit of a very spe
ial fundamental theory de�ned natu-rally at the Plan
k s
ale, whi
h is the next fundamentalthreshold in parti
le physi
s. Moreover, these relationsimply that there is some additional symmetry, whi
hunderlies the Standard Model and the deeper funda-mental theory. This symmetry should automati
allyprote
t the va
uum expe
tation value of the Higgs �eld(in order to prote
t relations like (5)) and, hen
e, solvethe hierar
hy problem (in the spirit of [11, 12℄). Clearly,one 
ould not hope for more, but unfortunately, we 
an-not be more 
on
rete at this stage.In the rest of this paper, we elaborate brie�y on theabove fa
ts and spe
ulate about the nature of a the-ory in the framework of the less 
onventional s
enariosket
hed here.2. RG FLOW TO (OR FROM) A VERYSPECIAL UV POINT2.1. RG �ow in the Standard ModelIn Fig. 1, we plot the 
urves des
ribing the one-loop RG evolution of the �ve 
ouplings of the StandardModel (they are a
tually the same as those in [13, 14℄).Our notation and initial values of 
oupling 
onstants
oin
ide with those in [9℄. Nowadays, these resultsare enhan
ed to in
lude two- and three-loop 
orre
-tions [8, 9℄, but these only improve the level of the�ne-tuning apparent already at one loop.We 
an therefore see that the a
tual values of �(0)and y(0) in parti
ular are su
h that there is a regionwith properties (1) at approximately log10 � � 8:3.With a three-loop a

ura
y [8, 9℄ it is shifted onlyslightly to log10 � � 8:5, with the value of �(MPl) evena bit 
loser to zero. This means that the one-loop ap-proximation is quite reliable and we 
an re
over theStandard Model at low energies starting from the the-ory with this very spe
ial property at the Plan
k s
ale.S
hemati
ally, the one-loop RG equations of the SMhave the well-known form (of the three gauge 
ouplings,only g3 � g is kept, being the most important one):
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Fig. 1. RG �ow of the 
oupling 
onstants in a one-loopapproximation as a fun
tion of lg � with the RG s
ale �expressed in GeV. Note the well-known fa
t of a g1, g2,and g3 �uni�
ation� at around 1015 GeV. Note also thatthe asymptoti
 behavior of the Higgs self-
oupling is ingood agreement with (1), given that the initial low-energy values used are the experimental 
entral valuesof the 
ouplingsddt g2 = ��g4;ddt y2 = �y4 � 
g2y2;ddt � = �(a�+ by2 � 
g2)� �y4 + �g4: (6)Two remarks are in order about these equations:First, the signs of the various terms of the �-fun
tions are, of 
ourse, not a

idental, re�e
ting basi
properties of the SM, e. g.,� > 0 : asymptoti
 freedom�=
 > 0 : attra
tion/repulsionin s
alar/ve
tor ex
hangea > 0 : Landau pole for the s
alarself-
oupling� > 0 : Landau pole for the Yukawa
oupling. (7)
However, � > 0 does not ne
essarily imply the exis-ten
e of a Landau pole in the Yukawa 
oupling. Sur-prisingly, this depends not only on the 
oe�
ients ofthe di�erential equations but also on the initial values.Indeed, the �rst two equations do not depend on �, andtheir solution is1g2 = 1g20 + �t;1y2 = �
 � � 1g2 + C � 1g2�
=� : (8)2 ÆÝÒÔ, âûï. 3 401
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ti
e, 
=� > 1 and C is de�ned by the initial
ondition for the gauge and Yukawa 
ouplings. Thepresen
e or absen
e of the Landau pole in y(t) dependson the sign of C. Finally, we 
an now solve the thirdequation for � using the above solutions for g(t) andy(t) to 
omplete the RG �ows.Se
ond, we note that system (6) has a triangularproperty, allowing solutions to avoid 
haoti
 behaviorthat 
ould in prin
iple lead to 
on
lusions very di�er-ent [15℄ from the one dis
ussed here. Thus, this tri-angular stru
ture of (6) in and of itself 
an serve asan argument in support of the idea that the above setof RG equations is very spe
ial and en
odes importantproperties of the SM.2.2. Asymptoti
ally se
ure HiggsIf we want to �se
ure� the UV behavior of the s
alarse
tor at the Plan
k s
ale in the way explained in theIntrodu
tion, then at t = logM � logMPl we shouldrequire that � = 0 and _� = 01). This requirement �xesthe initial low-energy value �(0) of the Higgs self-
oup-ling. Indeed, given the RG equation for �,_� = a�2 + �f(g; y) + h(g; y) (9)and the evolution laws g(t) and y(t), we 
an �ndthe s
ale � at whi
h � = 0 = _� from the equationh�g(�); y(�)� = 0, and then use (9) to solve for �(t)with �(�) = 0 : This gives the asymptoti
ally se
ure�ne-tuned value for �(0) at low energies. The fa
t thatthis pro
edure, when applied to the full one-loop RGequations of the SM, gives � �MPl and for �(0) almostpre
isely the measured value of the Higgs 
oupling atthe TeV s
ale (within the experimental error bar of onestandard deviation) 
annot in our opinion be 
onsid-ered plain 
oin
iden
e.3. EFFECTIVE POTENTIALThe running 
oupling �(t) is also relevant to the
omputation of the (RG-improved) Coleman�Weinberge�e
tive potential [17℄ for �. At one loop, this e�e
tivepotential is just2) Veff (�) = �(�)�4: (10)1) We 
all this situation asymptoti
ally se
ure and not �asymp-toti
ally safe�, be
ause the latter usually refers to a nontrivial�xed point, while in our 
ase the 
oupling is supposed to vanish.An example of the asymptoti
ally safe Higgs theory 
an be foundin [16℄.2) For large values of � and with the quadrati
 divergen
es�ne-tuned away, this is a very good approximation of the SMone-loop e�e
tive potential.
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Fig. 2. The RG �ow of the self-
oupling �(�) in one-loop approximation as a fun
tion of lg � with the RGs
ale � expressed in GeV. The �ideal� value of y(mT )that leads to relations (1) were used. The Plan
k s
aleis obtained automati
ally as the �tou
hing point� of the
urve to the abs
issa axis. It is also instru
tive to lookat the a

ura
y of the �ne-tuning of �(�) and y(�),needed to �t that spe
ial point, at higher energies, seeFig. 3Normally, the zero of the beta-fun
tion of � meansnothing spe
ial for the e�e
tive potential. However,things are very di�erent at a point like (1), sin
e Veffin (10) has a minimum at that point. Furthermore,this minimum is espe
ially spe
ta
ular, be
ause it o
-
urs at large � � � � MPl, where the 
lassi
al poten-tial �(0)�4 is extremely large. This simple observationhas re
ently been strengthened by a detailed analysisof the Standard Model [8, 9℄, whi
h takes higher-loop
orre
tions into a

ount.We �rst 
onsider the possibility that the values of�(0) and y(0) are su
h that relations (1) are satis�edexa
tly. With these parameters, the self-
oupling � be-haves as in Fig. 2, and the shape of the e�e
tive poten-tial implied by the Standard Model is shown in Fig. 4.We note that � tou
hes zero just at the Plan
k s
ale, asdoes the e�e
tive potential, and hen
e its se
ond mini-mum is also at the Plan
k s
ale3). Still, this is not theresult of a 
areful �ne tuning. It is obtained simply by
hoosing the ratio of the Higgs-to-top masses su
h that�(t) just tou
hes the horizontal axis and with the otherSM parameters (e. g., the gauge 
ouplings) taken fromexperiment. To within one standard deviation, the val-ues of these masses satisfy this requirement, i. e., lead to3) This position of the minimum is, however, gauge dependent(see Ref. [18℄).402



ÆÝÒÔ, òîì 147, âûï. 3, 2015 Is the Standard Model saved asymptoti
ally : : :

� y2
4 20181614121086 lg �00:10:20:30:40:50:60:70:8�

�Fig. 3. Illustration of Fa
t 5. The di�eren
e � �� y2(�)=8��(�) looks almost RG stable and is mu
hsmaller than the values of y and � themselves. Thepi
ture is the one-loop approximation, and for �ideal�values of parameters for whi
h relations (1) are exa
t
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Fig. 4. The improved one-loop e�e
tive potential forthe value of y(mY ) that leads to relations (1) (seeFig. 2), as a fun
tion of lg � with the �eld � expressedin GeV. Note that, when the small un
ertainty of theStandard Model parameters is �xed su
h that (1) aresatis�ed exa
tly, the se
ond minimum of the potentialis lo
ated at the Plan
k s
ale. This illustrates Fa
t 6 ofthe Introdu
tion. Note also that the potential barrier israther low, being seven orders of magnitude lower thanits natural value M4Pl�(t) whi
h tou
hes the axis, and mira
ulously, give theextra bonus that the �tou
hing point� is obtained auto-mati
ally at the Plan
k s
ale. To summarize, it seemsthat within one standard deviation, the parameters ofthe SM are su
h that relations (1) are satis�ed andthe spe
ial behavior of �(t) and Veff (�) given above is

obtained, with the Plan
k s
ale arising automati
ally.The Standard Model minimum, whi
h is very 
loseto the origin, is very shallow 
ompared with the heightof the barrier in Fig. 4. The lo
ation of the se
ond min-imum depends strongly on the parameters of the Stan-dard Model. For the 
entral values of the experimentalSM parameters, the se
ond minimum is deeper than theSM one, and may be lo
ated at energies even somewhatlarger than the Plank mass. However, the barrier is stillhigh enough to guarantee that the metastable StandardModel va
uum has a lifetime mu
h longer than the ageof the Universe [8; 19℄.Furthermore, the �atness of the potential in Fig. 4,the barrier of whi
h is about seven orders of magni-tude lower than its �natural� s
aleM4Pl, �ts ni
ely withthe slow-roll requirement (V 00(�)=V (�) � M�2Pl andV 0(�)=V (�) � M�1Pl [20℄) of s
alar �elds in in�ationmodels and has inspired several authors to investigatethe possibility that the Higgs itself plays the role ofthe in�aton in su
h models [21℄. More re
ently, thispossibility was studied, e. g., in [22℄ and [23℄.Finally, it should be pointed out here that the formof potential (10) restri
ted to the s
alar se
tor is to theleading order identi
al to the one obtained by Migdaland Shifman in [24, 25℄ in des
ribing the low-energy dy-nami
s of the dilaton �eld, a Goldstone-like �eld thatarises as a 
onsequen
e of the spontaneous breaking of
onformal invarian
e in pure gluodynami
s. The e�e
-tive Lagrangian of the dilaton with this potential was
onstru
ted on general grounds and is exa
tly the onethat guarantees the validity of the 
orresponding Wardidentities. Furthermore, an analysis within the Stan-dard Model of the Higgs parti
le as a dilaton has beenperformed in [26℄.4. ARGYRES�DOUGLAS POINTS WITHENHANCED SYMMETRYIf one asks whether there is any known situationwhen a 
onformal symmetry emerges in some se
tor ofthe theory at a given ratio of s
alar/fermion masses, animmediate answer is the Argyres�Douglas point. Theexa
t situation there di�ers from the Standard Modelin many respe
ts: the theory is supersymmetri
 (orig-inally, it was N = 2 SUSY, but a
tually N = 1 isenough; see, however, [27℄), the Higgs is hen
e in theadjoint representation, and it emerges in the infraredrather than in the ultraviolet region. Still, it illustratesthe main fa
t: the emergen
e of an extra symmetry inone se
tor of the theory at some energies 
an be relatedto mysterious numeri
al relations observed in another403 2*
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Fig. 5se
tor. Further studies 
an easily make the analogymu
h stronger. Therefore, we brie�y re
all that oldstory.4.1. AD point in SUSY 
hromodynami
sThe low-energy se
tor of N = 2 SUSY theory is de-s
ribed by the Seiberg�Witten (SW) theory [28℄, whereeverything is en
oded [29℄ in terms of a (0 + 1)-dimen-sional integrable system asso
iated with a pe
uliar fa-mily of spe
tral 
urves �. In parti
ular, masses of theBPS states are given by periods of the SW di�erentiald� = p dq. Whenever a non
ontra
tible 
y
le on theRiemann surfa
e shrinks to zero, a BPS state be
omesmassless. This happens at parti
ular points (hypersur-fa
es) in the moduli spa
e of SW 
urves, i. e., at spe
ialvalues of the v.e.v. of the s
alar (adjoint Higgs) �eld.At su
h points, there is in general a singularity in themoduli spa
e but no additional symmetry.At Argyres�Douglas (AD) points [30℄, two 
y
les si-multaneously shrink to zero. At su
h points of the mod-uli spa
e, pairs of massless BPS �elds appear, whi
hare mutually nonlo
al, and the Coulomb bran
h is de-s
ribed by a very interesting nontrivial 
onformal the-ory [31℄ (Fig. 5).Con
rete formulas behind this des
ription in thesimplest possible 
ase, the SU(2) theory with one fun-damental matter hypermultiplet, are as follows:

The theory:N = 2 gauge supermultiplet ++ fundamental matter hypermultiplet:The family of 
urves:y2 = (x2�u)2��3(x�mT ); (11)where the parameter � is asso
iated with �QCD, mTwith the mass of the fundamental hypermultiplet, andthe modulus of the 
urve u = hTr�2i is related to theva
uum expe
tation v of the adjoint s
alar �eld (fromthe gauge supermultiplet) by the Seiberg�Witten theo-ry4). At large v, u = 1=2v2.The 
urve des
ribes the torus and is a Riemann sur-fa
e with four rami�
ation points, i. e., two independent
y
les A and B. At the AD point in the moduli spa
e,u = 34�2;m2T = 34u; (12)the three of these rami�
ation points merge, and thetwo 
y
les degenerate. This leads to the simultane-ously emerging massless monopoles and 
harged statesfrom the hypermultiplet and a nontrivial super
onfor-mal theory.We note that supersymmetry requires that the su-perpotentital be of the formmT ~		� 1p2 ~	�	+H.
: (13)After spontaneous symmetry breaking, the two 
ompo-nents of the hypermultiplet have masses m� = mT �� v=p2. In order to have 
onformal invarian
e (i. e., amassless quark), we require thatmT = vp2 : (14)Thus, after breaking the symmetry, one of the hy-permultiplet 
omponents be
omes massless, while theother a
quires the mass 2mT , and this is a 
orollary ofsupersymmetry (unit Yukawa 
onstant) and 
onformalinvarian
e.4.2. Breaking SUSY from N = 2 to N = 1We 
an expli
itly break N = 2 supersymmetry toN = 1 by adding a superpotentialW =Xk gk Tr�k + fermioni
 intera
tions: (15)4) In terms of integrable systems, this model is [32℄ a degener-ation of the XXX spin 
hain at two sites, and u is the Hamilto-nian of the degenerated spin 
hain and v the a
tion variable. TheHamiltonian interpretation of the AD points has been dis
ussedre
ently in [33℄.404
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ally : : :In the SU(2) 
ase des
ribed above, the superpotential
ontains the massive term of the adjoint s
alar �eldMTr�2 and fermioni
 intera
tions.The singular points of the Coulomb moduli spa
eupon the perturbation be
ome va
ua in the N = 1 the-ory, where the AD point is the point where two va
ua
ollide. It was shown in [34℄ that both the monopoleand 
harge 
ondensates vanish at this point, and thetheory remains super
onformal even after the strongbreaking of N = 2 to N = 1. Therefore, physi
ally,the 
riti
al behavior at AD point 
orresponds to thede
on�nement phase transition.We note that the 
ondensates in this theory 
anbe expli
itly des
ribed within the te
hnique developedin [35, 36℄. At the AD point, they turn out to be relatedto parameters of the superpotential by simple relations.For instan
e, in the 
ase des
ribed above, v = p2mTand u = m2T + 3=16�2 (i. e., in the limit of large mT ,we still have v2 = 2u).The AD points and domains have been studied invarious examples in the SW theory, with di�erent �eld
ontents [30; 31; 35�37℄.5. RELATED IDEAS5.1. The multi
riti
ality prin
iple by Froggattand NielsenPerhaps, the �rst who attempted to make a strong
ase against an intermediate energy s
ale betweenFermi and Plan
k s
ales on the basis of RG propertieswere Froggatt and Nielsen [4℄. They used earlier re-sults in [13℄, where the requirement of positivity of thes
alar potential led to 
onstraints on the Higgs mass.Instead, Froggatt and Nielsen demanded that the min-ima of the s
alar potential be exa
tly degenerate andpredi
ted the 
orre
t value of the Higgs mass, seventeenyears before it was �nally announ
ed at CERN [38℄.To justify from �rst prin
iples why Nature 
hoosesthis degenera
y, it was noted in [4℄ that if in a mul-tiphase thermodynami
 system extensive parameters(like energy, the number of parti
les, and volume) are�xed instead of intensive ones (like temperature, 
hem-i
al potential, and pressure), the system is automat-i
ally driven to the multi
riti
al (say, triple) point,where all the phases 
oexist in thermodynami
 equilib-rium, and hen
e the intensive parameters are also �xed.Taking the multiverse for the system and the shape ofthe e�e
tive potential for intensive parameters makesthe �multi
riti
ality prin
iple� (that the possible va
uaof the e�e
tive potential should be degenerate) some-how justi�ed and, perhaps, even attra
tive. It di�ers

signi�
antly from the anthropi
 prin
iple [39℄, sin
e itrelies on ordinary fundamental physi
s without a poste-riori assumptions like the existen
e of galaxies, planets,life, and 
ons
iousness.5.2. Models with t-quark 
ondensatesA well-known s
enario in whi
h the masses of theHiggs boson and the top quark are related is basedon the Nambu�Jona-Lasinio original ideas and is de-s
ribed in [40, 41℄. A four-fermi on intera
tion is addedto the SM a
tion and the top-quark 
ondensate is as-sumed to form, with the 
hara
teristi
 
ompositenesss
ale � � 1015�1019 GeV. The Higgs boson emergesas a s
alar ex
itation over the 
ondensate and the top-quark mass turns out to be around mT � 200 GeV.Finally, the masses of the s
alar (Higgs) ex
itation andthe top quark are shown to satisfy simple relations, likethe so-
alled Nambu relation mH = 2mT , whi
h, how-ever, are model dependent.The two basi
 features of this s
enario that make
onta
t with our dis
ussion are: (i) the huge di�eren
ebetween the parti
le masses mH , mT and the 
ompos-iteness s
ale �, whi
h implies that the theory is �al-most 
onformal�, a feature shared by the N = 1 modeldis
ussed in Se
. 4 near the AD point; (ii) the initial
ondition used in [40℄ for the renormalization group atthe 
ompositeness s
ale � is the vanishing of the s
alarself-
oupling, whi
h 
orresponds to one of the two 
on-ditions in (1).5.3. Asymptoti
ally safe gravityThe idea of asymptoti
ally safe theories, put for-ward by Weinberg [42℄, has not so far attra
ted theattention it deserves, with the ex
eption of asymptoti-
ally safe gravity, whi
h is relatively well studied pri-marily by Reuter [43℄.This is a radi
al idea with today's standards, sin
eit admits that there is no new physi
s beyond the Stan-dard Model even at the Plan
k s
ale or above it5). Insu
h a 
ontext, it is natural to unify the ideas of anasymptoti
ally se
ure Higgs and asymptoti
ally safegravity, as was strongly advo
ated in [44℄.5.4. Brane interpretationLike any Yang�Mills theory, the Standard Model
an be embedded in various brane ba
kgrounds, and5) If strings do not show up there, there is no obsta
le to go tohigher s
ales, only in string theory the regions above and belowPlan
k mass are dual to ea
h other.405
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uss their properties from theperspe
tive of this paper. In a brane pi
ture, all 
on-densates and other moduli are interpreted as distan
esand �uxes in extra dimensions. One 
ould spe
ulatethat the remarkable �numeri
al 
oin
iden
es� des
ribedin the Introdu
tion are needed for the stability of thewhole brane 
on�guration in a wide range of energiesor, equivalently, values of the radial RG 
oordinate.The approximate ��atness� of the Higgs potential 
ouldimply that the brane 
on�guration is nearly BPS, sin
ethe �atness of the potential requires 
an
elation of theintera
tion between the 
orresponding branes.Another possible sour
e of relations between para-meters is the mat
hing of theories on the ��avor� and�
olor� branes. The theories on these branes are essen-tially di�erent (for example, one is Abelian in the 
aseof one �avor, while the other is not), but all physi
alphenomena should be equally well des
ribed in terms ofboth branes. The familiar example of this phenomenonis the equivalent des
ription of 
onventional QCD as atheory on the �avor branes (
hiral Lagrangian) or asa theory on the 
olor branes (QCD Lagrangian). An-other example is the 2d=4d 
orresponden
e, where the4d physi
s 
an be equivalently des
ribed by the 2d theo-ry on the non-Abelian string. An interesting kind ofmat
hing 
ondition is provided by the de
oupling of aheavy �avor. The 
onformal anomaly implies that the
ondensate of the fermion �eld disappears as its massin
reases: mh~		i = hTrG2i. This relation turns outto be part of the stability 
ondition of the brane geom-etry [45℄ and holds in all QCD-related ba
kgrounds.If the Standard Model is indeed at the borderline ofmetastability, an interesting question is to understandwhat be
omes unstable in the brane pi
ture. In thewell-
ontrolled supersymmetri
 
ontext, the AD pointlies at the marginal stability line/surfa
e, where un-stable in the N = 2 
ase are BPS parti
les, but inthe N = 1 
ase unstable are instead the extended ob-je
ts � domain walls [34℄. It is mu
h less 
lear whatwould happen when supersymmetry is 
ompletely bro-ken, but we 
an imagine that the metastability of theStandard Model va
uum re�e
ts a metastability of the�
olor brane� at an AD-like point in the parameterspa
e. 6. DISCUSSIONUsually, the biggest obsta
le to the idea that thereis no new physi
s in between the Fermi and Plan
ks
ales is the hierar
hy problem: one should explain whyquadrati
 divergen
es do not generate a s
alar mass ofthe Plan
k size (see [46℄ for a re
ent dis
ussion). To-

gether with the similar 
osmologi
al 
onstant problem,it 
learly implies that power divergen
es should be ig-nored in the Standard Model. Moreover, even super-symmetry does not help, be
ause, being broken, it isnot su�
ient to explain the smallness of the 
osmologi-
al 
onstant. The idea of asymptoti
 safety also is notsu�
ient, be
ause the fa
t that the theory is very ni
ein the ultraviolet does not guarantee that unwanted
ontributions are not generated by the RG evolution.Power divergen
es are automati
ally absent in dimen-sional regularization s
hemes, but it is un
lear whetherthe possible existen
e of small extra dimensions 
oulda
tually help. Whatever one thinks about this prob-lem, it is phenomenologi
ally 
lear that quadrati
 di-vergen
es have to be ignored in the Standard Model,and this is widely re
ognized in the literature: it su�
esto mention that the RG-evolution plots in Refs. [13℄(the early 
ounterpart of our Fig. 1) and [8, 9℄ in
ludedevolution of the mass term, but only logarithmi
 
orre
-tions were taken into a

ount and 
onsidered relevantto the �real� physi
s.As for explanations, the hope may be that the �hid-den symmetry� re�e
ted in relations su
h as (5) 
ouldprovide a new tool for the resolution of the hierar
hyproblem, sin
e the symmetry would prote
t these re-lations, in parti
ular, leaving no room for quadrati
divergen
es. In fa
t, although not su�
iently well ap-pre
iated, the idea that the apparent 
onformal symme-try of the Standard Model at the 
lassi
al level 
ouldforbid the generation of quadrati
 
orre
tions at thequantum level has been dis
ussed in the literature: itis best expressed in [11℄, where even a 
on
rete quanti-zation s
heme was suggested. This idea is also studiedin [24℄, whi
h we mentioned in Se
. 3, or very re
entlyin [47℄, and, in a 
ontext related to the neutrino massme
hanism, in [48℄.We emphasize that these ideas re
eive additionalsupport from our Fa
t 1. Usually, 
lassi
al 
onformalsymmetry of the Standard Model is broken softly bymass terms and seriously by (logarithmi
) quantum
orre
tions, giving rise to nonvanishing beta-fun
tions.Our Fa
t 1 implies that the only role of the beta-fun
tions is to drive the theory away from the UVpoint, but exa
tly there is the approximate 
onformalsymmetry a
tually enhan
ed: in the s
alar se
tor, thebeta-fun
tion vanishes and the intera
tion also van-ishes. The theory looks even more 
onformal than one
ould expe
t. And this is further supported by theextreme �atness of the e�e
tive potential (it is 
learfrom Fig. 4 that the height of the barrier is seven or-ders of magnitude lower than the naive M4Pl, while themass of the s
alar mode at the Plan
kian minimum is406
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ally : : :instead higher by many orders of magnitude than thenaive MPl, and hen
e 
an a
tually be ignored), andall this is just an experimental fa
t following from thewell-established properties of the Standard Model itself(see also a dis
ussion in [49℄), with no referen
e to anykind of �new physi
s�, to say nothing about quantumgravity and string theory (the Plan
k s
ale appears inFig. 4 just from the study of RG evolution of the Stan-dard Model itself(!)). The only assumption is to negle
tthe quadrati
 quantum 
orre
tions, but given not justthe 
lassi
al 
onformal symmetry of [11℄ but its furtherenhan
ement by (1) at the �starting point� in the ul-traviolet, we 
an hardly be surprised that they shouldbe negle
ted in an appropriate quantization s
heme. Inour view, it is now a 
lear 
hallenge for string theory orwhatever is the UV 
ompletion of the Standard Modelto make su
h a s
heme natural.As we mentioned, one option within ordinary quan-tum �eld theory would be to look for a formulationwhere the Higgs s
alars are a
tually Goldstones ofspontaneously broken 
onformal symmetry, whi
h a
-quire relatively small masses due to the expli
it brea-king of this symmetry by beta-fun
tions, as implied bythe analogy with a similar situation in [24℄. However, inthis general review, we prefer not to spe
ulate furtherabout parti
ular realizations of this option.7. CONCLUSIONInspired by the old works of Froggatt�Nielsen�Ta-kanishi [4, 5℄ on one side, and by the spe
ta
ular re-lations among the parameters of the Standard Modelon the other, we reviewed the eviden
e that the Stan-dard Model lies at a very spe
ial point of the parameterspa
e. Namely, that it is 
onne
ted by RG evolutionto a theory with enhan
ed (
onformal-like) symmetryat Plan
k energies, where it is supposed to be mixedwith quantum gravity and, perhaps, string theory. Iftrue, this implies the ex
iting possibility that the a
-tual values of 
ouplings, whi
h may seem �ne-tunedat our energies, may just re�e
t the fa
t that we arelooking at the low-energy limit of a UV healthy theory,thus providing a kind of re�nement of the renormal-izability prin
iple. In other words, it is possible thatnot only the low-energy theory is ne
essarily a gaugetheory but also its s
alar se
tor should be very spe
ial,just as a 
onsequen
e of being a low-energy e�e
tivetheory. This option, if a
tually realized, would resolvemany puzzles about the Standard Model at on
e.We also emphasized that the well-known inter
on-ne
ted Fa
ts 1 & 2 about the Standard Model are
omplemented by Fa
ts 3, 4 & 5. We mentioned that

these two seemingly unrelated properties � the exis-ten
e of an enhan
ed 
onformal-like symmetry at ones
ale (Fa
ts 1 & 2) and remarkably spe
ial numeri
alrelations at another (Fa
ts 3 & 4), whi
h in additionlook RG stable (Fa
t 5) � may well be related withea
h other. At least one example with similar proper-ties is already known: at the Argyres�Douglas point,
onformal symmetry in the BPS se
tor emerges at thevery spe
ial points in the original moduli spa
e of va
-uum expe
tation values and 
ouplings. In the StandardModel, 
onformal symmetry (probably) emerges in theultraviolet and not in the infrared, but this is rather anadvantage, be
ause this explains why we should wishto adjust the parameters of the moduli spa
e to be atthis spe
ial AD point.To summarize:� Problems of the Higgs se
tor (zero 
harge and hi-erar
hy) 
ould be naturally resolved by treating it asa low-energy limit of an espe
ially ni
e theory at thePlan
k s
ale.� That theory 
an be at least 
onformal, or, per-haps, even super
onformal invariant. This not onlyseems to mat
h ni
ely with expe
tations based onstring theory, but also looks phenomenologi
ally mo-tivated by the a
tual features of the Standard Model.� As a dream-like s
enario, the Higgs se
tor 
oulda
tually emerge as a Goldstone one, asso
iated withspontaneous breaking of high-energy 
onformal invari-an
e, and this 
ould solve both the hierar
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