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1 · .Introduct'ion 

During recent times there is .a con.si'derable interest i;1 the Miniriml Supersymrriet-
. ric Standard Model [1] and in SUSY GUTs [2] .. It is because of the remarkable 
unification of the gauge couplings in these models [3], which leads to predictions 
of the SUSY spectrum in the energy region within the reach of future .accele~a
tors [4]. The detailed analysis performed by various groups [5,- 6] is based on the 
SUSY GUT scenario with soft supersymmetry breaking due to the supergravity 
mechanism and is differ~nt only in details. It tikes into account two-loop renormal
ization group equations and one-loop c()rrections to the Higgs potential as well as 

.. the heavy and light threshold effects and- varjous experimental constraints. Ma~be 
the most remarkable-· fact is that all the requirements can be fulfilled simultaneously 
and are consistent with very few free pariunet~rs. The preuicted mass spectrum is 
concentrated in the 102 - 103 G~V region and is not very much model dependent. 
This leads to the conclusion that the MSSM arid SUSY GUTs provide us with a 
yery proru'ising scenario that c~ri be checked experimentally. · 

Of course, several problems remain unsolved; Besides the unknown explicit · 
mechanism of SUSY breaking parametrized by soft terms with five free parame
ters [7], some problems of the Stand~rd Model still remain. Naniely, the quark 
mass spectrum and the mixing of the generations remain the biggest ·puzzles. And 
though some progress has. been made in these directions, there is not a com
monly accepted solution yet. One of the most interesting attempts of this kind 
is the one discussed in ref. [8].where the values of the_ Yuk~wa couplings 31-nd the 
Kobayashi~Maskawa mixing matrix at the unification scale are given in the form-of_ 
the so-called textures and then evolve to the observed values at low energies. The 

.textures themselves are chosen for rea,;ons of maximal simplicity and symmetry 
while the needed parameters are fitted. The related idea explores the ·possibility 
of determining the Yukawa couplings by the infra-red stable fixed point structure 
of the theory lying beyond the Standard Moder[9]. . ' 

• Another approach is based on a wider symmetry like SO(lO) [fO]. ln'this case 
the masses of the heaviest generation adse from a single renormalizable Yukawa 
interaction, while th~ lighter masses arc generated by nonrenormalizable operators 
of the Grand unified theory. __ · 
. There are naturally inany attempts to consider som~ non-minimal models that· 
provide wider possibilities. Among therri the so-called Next-to-11}-inimal SSM {11] 
that allows one to relate somesoft breaking tcrmsto the vacuum expeCtation value 
of the singlet Higgs field.'lfowever, this model does not touch the problems of the 
quark mass spectrum and. flavour mixing mentioned above. . -

Without denying these possibilities, we would like to suggest. an alternative 
approach that naturally arises in attempts to construct SUSY GUTs free from 
ultraviolet divergences [12, 13, 14]. . 

Iii the standard minimal SUSY GUT sc~nario the theory possesses both the 
supersymxnetry and the unified gauge syinnictry at the unification scale with soft. 
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SUSY br(!aking terms arising from supergravity. At this sca~e all quarks and 
lcptoirs are massless and all their superpartners have the same ~ass. Going down 
to Im\·er. energies the superpartn~rs'. masses run. according to the RG. equations, c_ 

split due to differcri(interactions and, thus, give us the mass spectrum. This is 
im:qrnpanied also by the radiatfve spontaneous symmetry breaking;which'leads to 

. tli'e recoristrudion of the vacuum st~te. The latter, according to the usual Higgs. 
nH.~chanism, provides us with mas~es for quarks, leptons and SU(2) gauge bosons 
and additionaJ mass. terms to theirstiperpartners. .. . . ' . ·' 

· _ Since the Stand~rd Model exploits the minimal version of the Higg~ mechanism 
- with only one Higg~ doublet to provide masses to all quarks and leptons simultane-

~ ' . . ' ' . .. 
ously, the mass spectrum is given by that of the Yukawa couplings. In the MSSM 
on;~ needs at least two·doublets. One doublet provides·masses to up quarks; while 
the, other, to down quarks and lepto~s. Thus,.we·have two vacuum expectation
values and their ratio tan fJ = v2 } vi is a free parameter of the model. It is usually 
fitte(J from the experimental constraints; however, on the other, hand, the value of 
tan {J can be found from the minimization of the pote~tial for' neutral Hlggses, if 
the paramct~rs are known, and differs from uriity .. Thu·s; we can g~t a hierarchy if 
.the !)()ter{tial has an asymmetric minimum [15), though it is not essential in case 
i.h!! Yukawa couplings remain arbitrary. . .. ··· . 

This is not the case, howe~er, in finite SUSY GUT-models wher~ the Yukawa 
couplings at theGUT ~ca!e·can be calculated. and appear to be degenerate with 
n!spect. to· genq-ations.: On" the_ contrary, the mimber'of Higgs doublets increases,, 
each· being adjusted to_ a certain: flavour so that the mass spectrum is given by 
_the spcctnim of the v.e.v.s ofthe·Higgs fi~ids-rather thanby that of the Yukawa 

, couplings; . - -
The .finite models, though non-ininimal; still remain almost as ~igid as the 

miniinarone and are distiriguished by their ultraviolet properties being absolutely 
_UV finite to all orders of pe~turbationtheory [12, 13). Let. us remind the main 

· properties of a finite. SUSY GUT: 
i 

•. the number of generations is· fixed by the require~entof finiteness; . 
. ', ' ' 

•. the rep~csentation~ and th~ number of the Higgs fields ar~ fi~ed, 
. ·.. ' -·- . ' ·. . ' •" 

~ all the ~uka~a couplings are expressed in terms of the, gauge one; 

•- various 'realistic possibilities are given by SU(5), SU(6), SO(lO) and .E(6) 
-- gauge group~ with few generations. An ab~lian subgroup is.not ailowed. 

The other attractive feature of' a finite model is that if the gauge symmetry is 
not brokeri, .the pararri~ters, including thesoft terms, are ·not running. This nieans 
that th~ couplings, ma~ses, etc at th~ G,UT sca:Ie have some absolute valu~s. -u
they are governed by, some 'symmetry, it does 'not. matter whether we impose -this 
symmetry at the. GUT or at the.-Plan:ck scale. ·. . 
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It should be mentioned, that th~ attractiveness of UV fin.itc models without 
gravity is ofte'n called into question sine~, being renormalizabl~,· SUSY GU'l> a:re .' 
quite satisfactory in the practical sense. However, themotivation for SUSY itself 
is mainly due to _the cancellation ·of_ quadratic divergences which allows· one to 
preserve the hierarchy of the Higgs masses iri SlJ._SY GUTs. Th<~ finit~_modd is 
the next step in this directionwhennot only quadraticbut logarithmic: div~~rgeni:<'s 
also cancel. _ . - . .,:> -. . .. 

Below we consider a particubirJi;Jite SUSY GUT model that isbcised Oil Jlw. 
SU(5) gauge group and is one .of the simplest, models of this type d<~viating only 
slightly from the minimal SUSY GUT. It shbuld b~ stressed .that: this model is · 
almost unique-among possible finite models. if one requires spontaneous ~ymmct.ry 
breaking to take place via the Higgs mechanism with elemcnta~y Higgs fielcls. Thi~ 

-other possible choice is SU(6), but Itnyway the sy'm.metry breaking i.~tkes plci.c~~ .· 
along the ·SU(5) pattern .. Higher groJ!Ps inevitably explore composite iliggs fi<'lds 
[14]: . . . . .- - . . . 

On theoth.er hand, if on~ accepts SU(5)~ the number of generations is e~act.ly 
three withol.lt any option: The singlets are not allowed.du!'!. to finiteness; ilene<~ the 
right handed neutrino is excluded. Thus, • the finiteness hypothesis happens to_ be. 
very rigid and provides us.with a tiniqtie selection of a· possible GUT distinguishi~d 
by its matheu'tatical pioperties. .. - . . - - . ·-._ . - . 

The paper. is organized as .foll~ws. Sect.2 is devoted to a gener<tl review of i.he 
SU(5) supersym~etric finite unified theory. Weconsidei t.he sirnpiCstR-symmetric; 
and B-1 co~servirig stiperp~tential and givean c~plicit soiutioi1 to t.hc contlitioris of . 
one-loop finiteness f~r the Yukawa couplings. :rhc softSUSY breaking. is <:onsidered 
in Sect.3: Going along the same line we s~pposc that the soft SUSY bri~aking 
terms are also finite a_bove the.GUT-threshold, whichleads.to the-universality 
condition at the Pla~~k sc~le. with some of the soft paramciters being· fixi~d. !;1 
Sect.4, the spo~taneous breaking of SU(5)is discussed. The fine~ tuning proc<~dure 
whi~h reduces the unified modeLto theMSSM below_ Mcc1·i· is proJ)oscd. /\t 1.1;<; 
first step we are l~ft with three pairs of Iliggsc doublds, one to e~u:h generation. 
They de5relop" vacuum expectation values defining the -Yuka.wa couplings <ift.lw 
low energy theory. Th-en, at the next st~p, _minimizing tbe-lliggs JH;t~~ntial wP 
separate the light pair 6f Higgses identified with that of the MSSM. llea~y fi<~lds 
decouple at high energies. In Sect.5, we anal}'ze the cor~1patibllity of our n10dd 

'with various ex-peri~~ntal constraints such as the; valur~s of t.lu; he~wy quark,ma.ssi~~, ' 
the proton lifetime; absence of the flavour d1anging neutral currents, de. _Finally,. 
in Sect.6 the. main ·attrac;tive ·feat~rcs of our n1~>dd, and its general siatus an~ 
summarized. The Appendix contains.the derivation of tile solution to the Higgs 
potential minimization' ~onditions. - ·. ·; 
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2 ·. Unified Finite Theory: ' . ~ . -

The model is a supersymmctric SU(5) gauge theory. whose field content and in
teractions ~re cdinpletely defined by the requirement of UV finiteness: From this 
point of view the finite model is even more rigid than the minimal on~. 'The SUSY · 
breaking is achieved via th~ supergravity mechanism in a usual way; however, the 
enlarged Higgs seCtor requires more parari'l.ete.is. . . · · . · 

Field Content 

Matter fields :\ 111; _:_ 5. 
' . /\;- 10 

of SU(5) 
-/

_:-/
-/:,_ 

\i = 1, 2, 3 :,_ generation.-s 

Higgs fields: <I> a - 5 
~a -5 
:E- 24 ~r-

a ~1,2,3,4 .. 
/ 

\' 

.C = _.Csus-v' + .Csr~aking, ' , · 

.CsusY.' = .Ccauge + £-Yukawa +, .CMa:ssi 

where 

: .CYukawa 
" • ~. . I 

·-·T•}' "'A i,T,-;t;"A .Y2"' \A Y2"'-.A'.·A· Yt '~'i i;J'~"i i +Yt '~'i'~"4 ;.+ -'¥';1; .i + -'~"4 i i .. . 8 ·.. . . 8 
~ · ·,,.__ . . Y4 ·3. 

+y3<l>;S!.i:E<I>i + y3<l>4:E<l>4 -~ 3:E .' 

and 

.CMas~ ~ ¥;M;j<I>r+~4¥<I>4 + ~0 ±:2 , i 

Here the matrices /{ and S are unitary: ' 

K+.K ;,;_i, · s+s.= 1, 

(1) 

. ' (2) I 

(3) 

' '," \ .- c . . 

/{ being the Cabbibo-Kobayashi-Maskawa mixing matrix and s playill'g the same 
· .Jole in the Higgs s~ctor. As'we showbelow (Sect.4), the m~trix S contains all 

information about the quark rriasses hierarchy at the GUT scale. 

---,.,..· Yukawa couplings:. The· req~irement of UV finiteness is formulated already 
at the one-loop leveL· Besides the fieldcontent .of the model it defiries also the . . 
superfield Yukawa couplings in terms of the gauge one: 

. y7 . .. 2 ' 
Y; = _,_ ·= c· g - -. 

. . 1611'2 '16 2 = c;aa. -, 11' . 
I :., 

5 
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For the Lagrangian~ eq.(2), the' ~G equations for the Yukawa ~oupli~gs ar~ [12, 13]: 

dYi 
'Tt 

dY{ 
- \ dt' 

dl'; 

dt 
dY.' ' 2 

dt 
aYJ 
dt 

Jy;i 
3 

dt 
dY4 
dt 

'' ' ·' '' 24· - '42 ' ' 
= _ Yi [10Yi+ 6Y{+ 3}'2 + 3Y;+ 5 Y3- 5o-~); 

1-[ . _ . 1 - , . 1' 24 lf 42 _ . --] · 
.= .. ft. 6Yi -:l8}j + 3}'2 + ~y2 +5I3 :- 5?G ' 

[ 

' ·- 1 ' > ' 1 _- 24 -,- 48 _ . ] 
Y2 4Yi+ 4YI. + 9}'2 + 6Y2 + 5 Y3- 5.aa , 

Y; [H-i + 4Y{ + 6;2 +'15Yr+ 
2
5
4 

Y3- ~8 &a),
' [' , -' - 63 i ' 21 - -· 49 ] ' 
Y3 4Yi'+ 3}'2 + 5 Y3 ty; +:-s-~4--' 5aa , 

' '
1 

- • '53 -- i 21 - 49 -~ y; [12Y{ + 9Y; + 3Ya + 5 Y; +, 5 Y4 - 5-aa), ._ 
_. [ - ' ' 63 ' ] ' 

Y4 9Y3 + 3Y; ~ 5 }'4 - 15~a , ; 

Here t =log(Q2 /M2
): . _. -_- - .- , _ ·• 

The finiteness solution contains one fre~ parameter c: 

. I · 3 ', ' . ' _· 4' ·, I _ '4 c'3 ' t) 
ci = c, . ~ ci = 5 --:- c, . c2 - 3c, , c2 _ :- 3 5 - c , 

, 5(3 ) I ' 5(2, - ) ' ' I5 
c3 = 6 5- c' c3 =--2 5- c' c4 = 14 

( 4) 

\ 

·Since c; ~ 0, th~ paramet.er cis re~trictedby the, inequality ~·:S'c :5 .t 11~ pa~rticular· cases we have: ·· · , · · . - . ·. . · · · - ' · · 

I.' ' 4 -· I 
C2 = 15> c3, = '6• 
c~ = 0, c3 .= 0, 

'15. 
C4 = 14• 
c4 = H· 

c; = 0, 
c'J, = ~, 

' ' ' ' J . ' 
2 ._ 2 . 1 I ,, .· · .. _ 8 

c =- 5, ci = 5, _ ci = 5• c2 = 15> 
'• 3'- 3 '.1 - 4 

c = -5' ci = 5• .CI = 0, c2 = 5• · 
. I, , . 

In .what follows w~ take the ca&e c = ~, Remind that 9SUSY. = V29Non~susv: 
' ' ' ' 1 '- ' ' ' -

Later on we will use 9Non-SUSY = ga everywhere. 
These relatio~s for the Yukawa couplings ar~ valid in one- and two-lo~p ord~rs 

a~d have tobe corrected iii higherloops [12]. The-cor~ections are finit~ and can 
_be expr~ssed 'either in' terrtis of the series in the renormalized gauge couplirig, <>r 

· in the regula~ization paramet~r (for instance, t: iri dim~nsional regularization) for 
the bare co~pling [14].-

3 Soft_ SUSY Breaking via 
I , . 

" 

Supergravity . . I 
We accept a common procedure ofthe soft super~ymmetry breaking via a: super
gravity mechanism \\rhen supersym~eti:y is brbken in a hidden sector that c:oul)Jes 
to the observable world only via gravity. It is natural. _then to &~sume that: the 
universal soft terms arise at the- Planck s~·ale. To determine their evoli1tion down 
to the GUT·scal~ one has to' apply the RG equations of a particular GUT rr10del. 

< ' - ' • ' 

6 
.. 

-· ;< f 

'1_, 

~> 

'-

:' 

--- /' 

',.;, 

In general. this may h;ad to .c'onsiderable splitting between mass parameters [i 6], 
which results in uncertainties in tlw lm~- <'twrgy pred,ictioits. Since in our ~ode! 
the soft parameters,- like all the couplings, aro lwt running, they arc the.samc at 
the GUT scale and at_ I he_ Plan'ck one and han· I he uni\·ersal Jorrn. . -

I 

21-12. 21•12 .. 21-12 21·12: 21\'12. 21·12 21'12 · m¢ Oi + m 0 <;>; + _!11 4 6,. + m_1 0.1 + 111~ ~ .+ m 5 Vi + m 10 -'i 

· [ · ·.\/o 2 · .,.. . - · .· . . · 

+ lhT~ + 130 6;.\l;i<:Ji·+ H.o_1.\lo 1 .· •(5) 
·-.. : I. , . '· . ,I 

1 , I' -' ,; I ,..,._'- .!/2 ' -, ·. ,~ !12- ' ' . +1 l.lJI~'i \ij0;Aj _+ /li:IJtl:';04 •'i + :h~Oi•'i-'i + /1 2 -:;-0.1-'i•'i 
. . ' . 8 / . ti 

. - -1 ·: I . 
. - , \, · , • . 1 1 ..,.- \, , . ' .lJ-1 \<I · 1 · \ . . _ ] 

+A•Y:•~\S;,;-:-:'9i' fA1Y:~04 ~o .. + A-13~ + 2.\/o)...,,,":+ h,c . . 

-Lsoft 

wh~~re ¢, 1/,, >., and L are til;~ scalar coniponent s 'of I he corresponding Ill at ter su~ 
. i>erficlds and >., -are t-h6 gauginos. , · 

RG Equations for the ~oft terms are: 

-- 2 '. - ' ' , ' - -. '- - - ' , ·_ ' - '- -
dmiO ·- _ ·[· ;( 2 'J- 2·- ., 2) • . ·1(- 2-- •J 2 ·. 12) ·dJ_ -.- .n2 mq,+,-m 10+.12 _+.n 2 m,1 ;-m 10 +A2 , 

' ~- ' - " ' ' -·) 

·am~·· 

dl 
dm~ 

at 

d 2 .. " 
rn¢. 

dl 
' 2 dmq,· 

dl ' 
2 . flrn4 

dl; 
2 dm .• 

dt 
elM 

ell 
.dM;i·· 

dl 
dMo 

dt' 

· ' ; -2 ·. . 2 .· 2 · . 2 •) .-1 · 2 · 2 ' . 2 . 12 . I- · 2] 
.,+2Y! (m¢ + m 10 + m 5 + ~1 1 ) +,-} 1 (m4 +m 10+ "is+ ,1 1 ) - 5 

oc;.\/5 • 

[4 Y1 (1n~' +111i~ + ;n; +,1i):~{-l }'·1:( mf.+ 'lllio +. m; + ,\t)- -~\~G Jfl ]-. ~ 

[
'21 .. 2 - ,. ·~ :; 2 2 - 2 .·· 2 

7 Y4 (:lml: + 11,1) +3Y:I(m01 + mq, + ml: + Aa), _ 
' .0 ' - - - . ' - '- '. 

· +Y::(117.ff 1it~j:m~ +1\~n _;20iic;M;), 
' ' <,_,,,. ' • ~ .... 

[ 
' ' 2 . 2 2 . ; :. 2·1 -· ' 2. ·- ~ ' 2 ' 2 -18.- 2] ' 

4Y1(m01 +m10_+ m5 + A 1) + 5}:1(11_1~+ m,;. + 111l: + 113 ) ~ 5oa:\15 • 

/ . - ' '' . ' ' '),. ,.· '' ·: ' : ". '' l -> 

[
, , 2 • · 2 - · . 2 -l -- 2 • 2 2 2 ·• -Hi • 2] 
.J}z(m.p + 2m10 + J\2 ) + 

5 
~-Am¢}- m,, + 111l: + ,1:1)- 5 

oa:Hr. .. 
• ,_., ' ,' • ' ', , ' • .__, >;. ') l ' •: ' ' >';; T '_ • ' ,,. ' • "'\ ,~ >' 

[ 
• I - 2 . 2 . 2'' . 12 -·1 .-1 .2 ' 2 2 ' 12 - -lti • 2] 

- . 12Y1(m4 +m 10 +m5.+;l1)+5}a(m4 +711.1 +ml:+A:1 )-
5 

oc~-.\1;,, 
' \ '~ : . . . ' 

- . [ , ' 2 • 2 . ' I; 2•1 .-I . . -2 . 2 • '2 12 ', ·18 • - 2] 
-:. !JY2 (m,1 _+ 2m 10 + 112 )+ 5la(m4 + m,1 + ml:+ A:1)- 50~;!\/5 • 

' ··[. I !) 'I ' 2•1 .-1 • 2•1 _ .. ] - ' 
M bY• + -2}2_+ -,l:l-:- -,oa , 

' ()' . "' 
- [· ,• .. :l . 2~1 ; . ' 21 . ']; 
M .. 2}1 + -Y2 +-h- -ne 

~~ ' . '' 2 \ -~ 5. ~ / 5 ' ~ ' 
. . . . . ') (.·. . . 

Mo [:w. + }~: + -~ Y .. - IOc'ic;], · 
,) ' 

.dMr. =·O. 
([( 

7 

i, 

' 

,-
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The RGEs for 'the trilinear SSB para'metcrs A; and for I. lie quadratic terms' 13; can 
be obtained from the RGEs of thecorresponding Yukawa C<?Uplings Y;' artd i{lass 
paramctcrs\y the rcplaccmc;Jt. [16] ' i . . . ' . ·' -

· dY; .' ,. [ . I _· ·] -.• d;1i . [. ·: · . ·. _ · J 
dt =}; auY; :- J;oc =? dt = a;jYjAj +b;ocA!s , 

'dM, . \[ , y b'- ·]·· d/3;. .[· 'J .· 'b'- ·] .· 
-:--d = .\1; aij j-:- ;oc =? -. -

1
-. = 2 a;1 Y;Ai + ;ocMs , 

t ·'•, ' ' ' ( t ' ' 
50 that if A;= -M.;, neither A;, nor 13; iue running in thefinite modeL, 

The
1
conditioriof finiteness for the.s~ft t~~ns has t~e- following ~olution: ' 

,;·. 

2 2 2 ' 
. ·, m 0 = _m1 =>= m 0, . 

' 2 f • .... 

2 ' 2 2 ' 2 m 0 =. m 1 = -A15 -rn;;;-; 

2 
m!O 

' 2 ·.ms 

·2 
mE 

3 
1 ··. ' 1 ' 
-M2 + -m! 6 5 ,1 2 <~>: 
5 2 ·, 3 2 

6Ms -;-2m¢, . 
1 ~ ' 
-JV/5' 3· 

I 

which'is independe~f-of th~:a,rametrr ~ .. If one assum
1
es ms.= 0Hi:o~e ~et,s: 

. , . . . .. . 2 ,.,2 . . 2 . 2 .M2 . . .. · (6) ' ' '·. m- ==. r,.,~, =.m!O = ms = ml.: 7=·;- e. ' ," 
. ¢ •e . •• ' , ' ,l•. " '' , , 

Thus, the requirement of finitertess na'turally. leads t~ the univ~rsality ofthe soft 
breaking terms at the GUT scidc'. • '·.. , ', ( · · .. '·' · · · , · . ·· · · 

,If the finiten~ss'conditionsare satisfieq; 'the m~ss parameters Mo, M~i• M and 
, , .· . . I . . , , 

iVIs arc not' running. ' ··, • · · · 1 · · ·· · . . · , · ·, ' . _ 
I . . :. . . . . . . . . . \ 

' 

4 Reduction to the MSSM '•:_1 

' ' 

4.1 · Spoilt(ln~ous breaking ~fS.U(5) •1 

... ' '. i ' . . ' ' . ·. •' ' . . " . ; ·, 
We follow' the 1standard approach wher1 the GUT symmetry is broken sponta-
neotisly~ in a irsiral way by th'e vacuum -expectation .value of the Higgs ~uperfiCld 
~. For this purpose we rnirJirr1i2<! the superpot'ential · · · 

• . •I - • 

with the result 

w,. ~ Y1.L:3 +' -Mo.L:2·. 
L. ' 3 ,· 2 ' 

I· 

(

v 
. . V 

(E)~ . · V 
_1·v . ) ' 

' 2 ' 

8 

_:!V 
2 ' 

':-~ 

I 

I :-

. ·.J 

··\ 
I 

:, .. 

; ' 

{ 

·. c Mo •· . 16 . . c 

·where V""-"" 10 Gev.-
~ ~ . . . . ' -~ 

After breaking of SU(5) the .L: field obtains the mass of an order of the GUT . 
scale ("" 1016 Gev) arid decouples, while the quintets <I> and ~ split into doublets 
and triplets .. Their mass terms look like-

· ·Y3~;S;j{.L:)<I>; + ~-M--<1>: _<I>·(· y:iS;;V+ M;; 
' ' ' , . ' , .' . I) J -- c .' • • -~y3S;iV + M;; )<I>;. 

'and \ 

. y;~4(E)c]-;4 + ~4M<l>4_; ~4 (y;V+M :~~y;V+ M) <!>4 . 
\ ' '• .·"·' ' ' ,: .· ' /' ' 

· ·rn the first case, depending on·tht; details of the fine tuning procedure, we have 
sc:veral possibilities. Namely, one. can have both· the triplets and· doublets to be 
heavy or one of them to be light· according to the:choiceof the niatricesS;; and 

.·· Mij· ·In the latter case, ·since y; ~ 0, thereis no fine tuning and one has, both 
t~iplet and do'ublet to be heavy. All the heavy fields of the theory decouple below 
the GUT. scale. · . . 

The requirement of finiteness leads to 'the tinitarity of the matrix S. One can 
represent an arbitrary ~nitary matrix in the following form: . . I 

. ( ei91 , 0 ' 0 ' ') ' ; . . , . . 
S=Jl_. ·0··.· 

1
-e.;o, 0' xt·~.XDX.T,J(TX.=l, .XTX~I, 

, \ , 0 0 _. e'93 _ • • .· • 
i. 

where X and X ar.eso~e ~~~i mth~gonal mat~ices and D i~ a unitary diagon~l 
·'' - matriX..· As can be shown,' one corhmon phase can be absorbed into the nidefinition 

~f the fields. Therefore, in what follows we.put 83 = 0. · \', 

I' 

While: the unitarity of S·is dictated by finit~ness, the mass matrix M;;js abso
lutely arbitrary. ·ou.r choice of M is ~aused by the .following requirements: . 

'.. . :.· ' . 

.· i). the presence of light Higg~doublets a~d decou_!lli'ng of the·Higg~ triple£~; 
ii) · the absence of Goldstone bosons that -may appear if. the continuous .global 
· flavour, symmetry in· the Higgs sect~r is spontaneously broken; 

' .. ' - ,. . ~ . 
-"'- ' •' . . - . . ' I' 

iii) the reduction to. the Standard Model at low 'energies. 
,, ' . ' 

. ' ' . 

··.To fulfil th~se requirements w~ choose the matrix M;;. iri the form: 

1M.= X(RI +T'D)XT, (7) . 
' 

a~d p~rf~rm the following fine-tuning procedur~: · , .. -,. .. 
3'' . ' . . 

T =T'--; 2y3V, R ...v·r"" V,. R+ T= f.L .-.v103 Gev: (8) 

.9 
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Note that since in the fin'itemodel none of the parameters is running above th~ · 
'GUT scale, the fine-tuning here is more meaningful than in the other GUTs.· 

. To argue that this choice_ ofM satisfie~ al(the afore-mentioned-requirements, 
we analyze the theory below Maur where SU(5) is spontaneously broken.' Afi(!r 
decoupling of the reavy triplets, the effective SU(3) _X 8U(2) X U(O invariant 
superpot~ntial is: · · .- · · · 

. '._fii -· ,1'(8··· ._· 
LYukawa = V5g\J!;I<;iiPiAi+sVT5gJ;A;A; ==? . , _ 

( 
fi b' •.-a · fi b-=<1 · : (8 b a ·)· ·. * . y 5gq<{;jH;Di +y 5~L;H;E; + y 159Q;~I;ui Eab, (9) 

' - .~. I ' . - I '.. - _, T ·. . 
LMass -:-:- ~;M;iiPi ==? H;M;iHi = H;(X(RI + T D)X );iHi (10) 

where M 1 = M.::.. ~y3VS,. a, b =1,2 ar~-.th~ ~U(2) indi~es ·~nd-E 1~ =·1. · .· 
, . Three pairs of,tre Higgs' do~bll(ts have the following _quantum numbers: · 

· · , · .,( (II? )'·. 
H;(1,2,~2) = ii;- ' .H;(_~·;2, ~) ·= ·()JJ>)· ·.·:·:: 

' , . 

(11),. 

. The soft SUSYbrea~ing te~~s b~low Mau;(tak~ t~e followillg fm)·m: ·. 

_:: LBrea~i~9 ;= m~ ~ I1Pil~'+2 ~1/2 L/'k,\k +h;c. _ 

, . . . ·,. '. .. .. • . ... . .· .· k . . .; . . . . ' , . 

(A --~>' ( -=-=d- A . 1l>z -=-=H - A --~>Ha- ·. .B-=aH M 1 Jib . h . ·) . · .. + DYM/ ijH; i + ~YL i_. i e; ~~. uY,uQ;. ;Ui} . i ij i + ·~: -E~b~, 1 

whe~e, we h~ve inhoduced -.the n~tatio.n: Afs = ,m1; 2 , 'ip; are. alL tlie squark- ait~l 
slepton fields a,nd ,\k are, the· gaugi.nos. _. · .. · · . . . , . 

The last term deserves special comment.. It contains th~ mixing of the Higg~cs 
in the generation sp~ce similar to the quark mix!ng viath~· Kobayashi-Maskawa· 
matrix I<. This. rriatrix will play the key role in construding the quark mass 
spectrum. · ' . '' · · 1 

• 
. . . I 

The boundary conditions" at the GUT scale are: 

"2 -·1' '2 .· , · .• : -. . . ' . .- - . • : . 
· m 0 = 3m1; 2, Au= -Av = AL = :-_mi/2• B = B<fl = -m1; 2. ' (12) 

The last-equality foliows from th'e'fine-tuning req~irementfor the soft ierm~ at th(! ··. 
GUT scale. \ . > 

Therefore, ~e -end up with the following set of free paramctc~s:. 
. . . ' . . ·, ,'-

• 3 gauge couplings a;, ., 
• Mixing matrices K;j <:nd Sii, 

• Mass terms m 1; 2 , R; T: .. : 
, I 

lo 

' 'I . 

I 
l 

'1 
• j 

t 
'f 
I ., 

~ l < •• 

) 
i 

·J 

l . ',, ! 
l-. .. ·· I 
l 
j 
l 

•,:,1 

v 

'· 

4.2 - The Higgs Potential · · 
't , - ' 

"The tree level scal~r. iiiggs pot~~ntiar'consists ·of the SUSY part of the I~agrangian 
and the sofi · teriiJs ' 

where 

- ' . ·. ' \ 
· \'(11;,11;) = V•;usy + \~'oft• 

--- '-

, . . '. 2 12- ' 

', ( 13) 

V.•wsl' , 11;m;jllj + 1/'(m;jllj + 9 ~ g (111;12 -l//;12
)

2 

• • f ~ 
2 -~ ' . , . 

+~1 [Ill; 77if'-II1;77;12 + ill;"llil2 -llfi 11;12 + 2ll(Hil2
] (14) 

• •• • • J , .._ 

. ,</ith ·1;-,ii = (M 1+M')ii·= C\((lf2 +·T2)i~+ HT(IJ" +.D))XT);j, m;j =·(JI1JJ'+);j 
':= (X((R2 + T 2 )l+RT(U• + IJ)).(rh and tk soft terms aregi\'en by eq(ll): 

, Combining thesc~ C<JIJa!.iOI_l~, one get.s the followingscalar po-tential: · 
: _-. . . · .. L. . . , . . .· , ··'· 

V(ll;,ll;) = (m~ +H2 + '/'2)!77;!2 + H'/'77; (XJIY + IJ)X'~')ii IIi 
·" I 

+ (m!+ 1?2 +'1'.2 )111;1 2 +1(/'Jf;" (X(IY + IJ)X'~')iil]i 
. .. ' . . . . . , ' 2. 12 . 

+ ·n (77;~(X(H/ +T/J).\-'~') .llj<ab.+ !u<) +g ~ 9 (177;12-'- 111;12)2 . 
. r • · •J ·. · · . · ti · · 't 

+ , ~t [II( 11 jl2.-ll( ll;i 2 +llli i1j1 2 -lli;"ll;l2 + 2177;uj1t 

Due to our.fine-t;llting woced1ire (7,8), t.his poteiJtial still contains the !wan· 
Higgs .fiel<ls with the ;nasscs of an ordp- of the GUT- scale .. To separate thes.c . 
states, we perform· the rotation in the Higgs sector ai'td introdu<;e the new fields 
I r;, 'X ll', 77 = X77': Doing this, oitecan rewrite' the potential ~s :- . --: , . 

vcR,Im 
'. ••• • •• • • • • -, :,. c • • .., •• • • • .,. ~ 

(ni~ +u2 t7'2 )(ll/l 2 + ·1rr11/· ( /J" + j))ii 11/ . 

'+ (m!+ll2 +'1'2 )lllfl 2 +lrrn;~(IY+IJ);]IIj. (15) 
. :· ' ' . 2 ·,2 . ·. . . . , : 

I (
-/ '"(I I '' . ) tb '·- ,. ) g +g ''(1-112 I '12)2 + 1 I; l .. + flJ ij~lr<,;b_+_ 1}:· + ,.:___8 · II; _- II;. . 

g2. [17T'~7T'I2 - 17Tt* ~1'12 + lll'·n'-12 -111'.11'12 + .;17T;. 11'12]. 
1 . , . t • J ~ ' ·. l l . . I '-:,J . ~ t . I , ·:-- ~ . ) + 

. The potential ( 15) is a ~imple ge;terali;~,ation <if I hat of ihe l\lSSl\1 [I J but diff(•rs 
· fn;m· the lat.tcr by the extension of the Higgs s<'clor.: Tlw elect roweak symmdi:y 
br~aking and. the Higgs sed.or of the bi·okPil i.h<;ory in tlw models with the Higgs 
pot<;nt.ial of this typ6 have IH'qn anal,p:ed in dct;iil in- r;·f. [17]. _This pot<{nt ial is 
positively definite and has .no ininima different from ;~,cro at tli<' GUT scale due 
to supersynnnel.;y·like in the'MSSM. However, it dev<'lops t.lw non-tri~ialminima 
radiatiwly; thus leadil1g \.o t.lw radi~tiv<'ly iiidm·;·<l sponlant•ous b~eaking ~f th~ 
ded.roweak symnwtry, just lik<' iii t.lw standard sn·nario. Th(• i>aram.et.ers of the 

11 ~ ... .._: 
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potential evolve to the, low cne~g)~ values accor~ling to' the rcnorirtalization grour> 
equations.,. . ' ' . '' ,':. . . . . .. ' 

'When evolving to low energies ,the' relation's betwecri ;lifferent parameters of 
the potential change, and, under som.e cond~tions, th~ liiggs fields gain n;mzero 

\ - . . . . . . 
v.e.v's.· From the phvsical point\ of view, we arc :interested in the minima that. 
are achieved on the lliggs field ~onfigurations that are gauge equivalcnttd the 

neutral real o~es: nam~ly < u:: ~= U c~) , < ,HI > =· U ( ~; ) ~· \vhcreU Is 

som~ SU(2) matrix. hr this case, the tree. level minimization ·equations take the 
following form:·. :' · . .J , 

where.· 

1 8V 
--= 
28H; 

. · 1 8V 
28H . ] 

.j. . ' ·. ·: (.'2 . /2 . . . ' 
1 A 2 - . +. ·13 \A I . ; + .rJ + g ('-2 · 2 )- o' 

.lVlli]·Vj . )Vl ijVj . Vk- Vk V;-= , .. . . . . A , . 

' ' . ' ' . . 2 ' 12 .. ' . 
. . .. 'I A2 +- B I"' .g + g . (-2 ' ' 2) ' 0 
='V;Jvl 2;j. Vj )Vljj·- · Vk-VkVj=, 

' '. '. -4 ·-, ' ' ' 
' / 

'(16) 

' 

: ·' ( m:Z.+Jl2 •+T2 t2RTcosOr,/ 0 

.M~ = 
9 

, , . o m~ + R2+T2 +2IlT~os02 
• 0 '. 0 

0 ' ) 

;~2·+ J~l ~ n2 , 
,. </J, ' 

,· 

2 
(. m.~.+fl~+ 7. '

2
:+2/lT fOs01 .. ·o 0 ·.• 

mi:(~+n' )· A12 = . . . ' ; 0 ' ' 
·, '·. ·' . ·'0 

rn~,+R~+T2 + 2/lTcosO~ 
0 

, , i . . (:Il+Tcos01 .0. 0 · .·.) .. ···, 
. M; = .. · · 0 · · . ll + i cos 02 , 0 . . . 

·' 0 ·0. Il+T-· .. ,. 
I . . . . . , . . . .· 

The Yukawa part of the superpotential expressed' in tertTIS' of the new Higgs .: ' 
fields looks like:. : ·· · .· . . . ·· , . . ' . ' \ 

, ' I-. - . 

·.Cvukaw~ =: {vnQ;I<;jX;klJ~a D; + y~,L~XikTI;,~ E; + Y(JQ~X;kH~au;) tab·.' 
f ' - '\ ' ~. ,· ,. • ' 

Due to the fine-tunir;g ·convention (7,8) the only real and. positive solution of 
eqs.(16) which gives ·the v.e.v's of 'an order of Mi is· (th~ details are given in 
the Appendi~): : · . · . · · 1. 

(
O)· : ... ·(·o.)· 

v; =·· ·b.·~ v;~ ··.~. · · .. 
. ~~. .· ~-. -~ .: 

: ·-~· 

12· .. 

!l 

•' 

' 

l 
~ i 

•1 
l 
J. 
l 
l 

·: 

i ;· 

i 
I 
l 
1· 

l 

i. 

,, 
)1j 

I' /, ,. '\ ' 

Here u and u are the. ;am~ as y1 and. v2 of the MSSM-

U· (mi+ m~ ±\},(rni + m~F -4B2p2}F±(B2f 2), 
' . ( . 

u 
' . 

~.~ign(p)f{mi .. + r:~ ~ V(mi +mW- 4B~p2) F±( _B,2p 2), 

1' 

where· 

F (
.B2 2)-· ·• .. i ±(~i-'- inD -· \/(mi + m~)2- 4B2p2 ·· 

± Jl = ' ' 
, .. 92+ g'2 J(m2 + m2)2 _ 4B2p2. 

' ' . . . 1 . . 2 . . ' 

. and mi =7 mi·+ p2, ~~ = m~ + p2, Jl ~ R+ T. Orie t~kes "+''sign when mi > mr 
¢ . - ' 

·and "-;-".sign in the opp<;>site case. u arid _u obey the usual equati?ns of the MSSM 

·.·_ ' : ' ' · · .. · 2 . · .. 4 'mi....::m~tan 2(3 . ·. '- Bp, 
u =v cos (3, u = v srn (3, v. = 2 . ,2 . , . 

2
(3 , sm 2j3 = --:-2-2-- 2. 

. ,. g + g . . tan - 1 . · .. · m 1 + m 2 
. ' . ' ' .. . . (17) 

For this minimum th~ Higgs do~blets ii~ a~d H~ remain light and are associated 
.with the usual fields H1 and H2 of the MSSM (1].'. As for the doublets ii~ 2 and 

... HL2, due to_our fine~ tuning procedure (7.~) they obtain masses of ordt;r of Maur 
and decouplebelowthe GUT.scale .. This is also true fortheir superpaitners. 

Re~expressing;the original s~perfields H~ and H; :tlirough HI imd fii:. 
1/ f __ •. • .. · .'.\/). ~ 1.-..., ,• .·. ':··:· ~~:.·· ·:'- ~ ,!·.····-~:S ~- ·. - -

M~h~+~~+~ffl,M=~~+~~+~ffl 
' ' ! ' . j .• : .: . ' • ' ' ·• ; • ' • ~ \ ' ' . .• . . • ,· . · .. ' . ~ 

and discarding the heavy first two terms~ we obtain the. MSSM with -
',' '·' > ",• • 'o" '· . ' ' 

. -~ ,·: H .. H-, 'H. ··.H' 
1 = ' 3l ', 2 := 3 

' ' \ . ' ''' - ' 

and the usual Yuk~wa potential· 
'I 

' : ' ' .' ! b " . ·. b. ' ' . ' ' ' b . ' . ' 
.Cvukawa .=: (ynii;Q/<;iHf D; + YLiiiL;Hf E;+ yun;Q;H;U;) tab, (18) 

where' .• 
, I 

n; =X;3, ri; ,;, X;3;_ n7 ,; 1, 
2 . n, =._1. 

Due' to the de'generacy of. the Yuka~a couplings' the Higgs v.e.v's play th~ key 

.\. !· '" 

· role in the creation of the quark and lepton mass spe~trum. As it appears, :the 
hierarchyof the up qu~rk masses i~ defined by the vector n;, while the down q~ark 

hierarchy is defined by ii;. After decoupling of the heavy Higgs' fields we end up 
with the Minimal Sup~rsyminetric Standard Model; where the Yukawa co~plings 

1 
l 
i 

. are given by the vacuum expectation values ~fthe Higgs 'fields.. . 
. . • . . . . .· I 

' ·• u' ~ , · U , D - D · L ..: L 
. '!/; .- n;y ·' Y; = n;y ' . Y; = n;y ' (19) 

:and yu = }tg9adr, yD·-.; yL::;:: fsgaur. ~t,the GlJT scale. ' . . / ·;" ... 
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As usual, the quark and l~pton masse~ are defined as eigenvalue's' 'of the corre
sponding mass matrices at low energies. _To find -them one has to run down tbc' 
Yukawa matrices taking into account the initial. conditions (19)and. the gcncr~
tion mixing due to the Kobayashi-Maskawa ·matrix K. As a result, one gets new 
nondiagonal Yukawa matrices ')'hich' again have to be diagonalized to extract the 
eigenvalues and the low energy Kobayashi-Maskawamixing matrix. · . 

. We wou.ld ·like to stress that in this procedure all the initial information about 
the quark rriass hierarchy is'contained in the Higgs sector of the finite unified 

. theory, namely, inthe unitary Higgs mixing matrix S. ..· 
. . l 

;.J. 

5 Expe~imental Constraints. 
I • . " -' '. 

., 

The finite model described above appear;to be a mathematically ve~y-rigid one. Tb 
argue its viability we perform a brief analysis of a compatibility of this model with 
existi~g experimental-co~straints, namely the unification of the gaugd 2ouplings, 
heavy quark ~nd lepton masses,the lower experimental limit on the proton lifetime 
and the abse~ce of the flavour changing ~eutr<1;l ctlrrerits~(FCNC). · ; · .. · · --<'/ 

·:': 

Unificatiori'ofthegauge couplings . . .. 
Due to the heaviness of all tlie extra particles i~ the Finite dtodel compared to 

the MSSM and the reduction of the-Finite mo9-elto the MSSM 'at low energies, 
the unification of the gauge' couplings takes place exactly in the same marine~ [3}< ·· 
The numerical analysis is clo'se to that of the MSSM with large tan'j3 with the RG 
~quation~ ha~ing ,exactly the ~arpe form as in MSSM. [5; 6]: Th~ only difference is·' 
that due to the finiteness requirement the initial values of the Yukawa couplings 

. are fixed and the soft terr~s are more restrid~d compared to the M'ssM and hence 
orie has less freedbm to fulfill ,all the'requirements simult~neously.· 

. Heavy quarks and lepton masses . . . .. . . . 
. One of the motivations for the finit~ ~od~l has been so~e possibl~ impact 

on· the quark spectrurri. Contrary to the MSSM,' where theYukawa couplings are.·· 
absolutely arbitrary, in our case they are fixed at the GUT ~~ale. 'so·, using the RG 
equations for the Yukawa matrices, which coincide with those oUhe MSSM, with 
the necessary thresholds; on~ can get their-values at lower encrgi~s and, therefore, 
predict the_ values of the quark and lepton masses: ' 

Howe~er, unfortunately, the requirement of finiteness does not fix all the arbi
trariness in th·e Yukawa 'mat~ices, namelythccKobayashi-Maskawa mat;ix I< arid 
the vectors n; and;ii; remain arbitrary. Practically, one can make so~c predic-) 
tions only for the third generation since' the vectors n1 and ii.; arc aligned ahnost 
along the third ~xis.in the generation space and one can: take: them in the first 
approximation' to be equal to n; = n, ·= (0,0,·1) and ignore the light, generations. . 
Adjusting the soft parameters and .taking into account the light thresholds, one · 
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can arrive a:t the cxpe'rimcntal vali!Cs of hcav~' (I nark arid lepton ·masses.,· In doi~g 
' ' ' . _, ' . ·' '. 

this one lias to take'· into· account the difference bd ween the running and the pole 
masses [18]. Since the starting valu~s oT the hot tom and top Yuka,~·a couplings, 
namely yD aitd J/', respccti \'<~ly; an; close to ~ach other, the large 'value of t'an 3 
is needed to explain tlw big difference between the-top ·and bottom ·masses. The 

._difference between t h<: b~ttorit quark and T-lepton masges i~\due .to the differen't 
renormalizatioit factors. · . · · · ' ·· ·. 

P~ed,ictions of the h<;avy rhasses in the finite mo.dcls and. first ofall.thc pr!-'dic: 
tions of the t(>p <juark mass han~ first been considc•red in detail in the papers flp]. 
Our analysis is .not much different fr~m them.· · · · . 

' Proton Decay 
The lm~er experirlt;;ntal limit on the proton lifetime i~ a very rigi~ .criterion 

of the viability of any. GUT model. !ti. the supers\·mmd ric unified i heories .the 
proton d<:Caytakes pla(·e Via (<iin,t~·nsion-fin• O!i<;rat~I:S tlwt arc g~nerafl'·d due to 

·the exchange of. heavy higgsiJI() rolonr t.riplds. In the minimal St :s1· SU( 5) model 
it lias'bccn analyzed in Bd.[20]. Theprefi~rred decay mode i>roV<'!j i'o be p-+ ilK+ 
[20, 21 ], The iunplitudt~ of the proton decay i~ proporti~>nal to: · · .· · .. ' 

' . - . . ~ " . . 

. JJ,~ . . -~o2. '(m:")· ·aMr.u-r 1 ~G-
. · ,na.~m(2j:l) · _111J . , Mu;• .. 

I' 
'(29) 

• ( ' • . ' • i ' ·~ • • ·. • ' • . . 

where Mu."'is the.mass of t.J~<'heavy.colourtripleL Experimentallyon<;has [21]: 
. ·'· ' .. ·. .._ . ;... ·' 

• ··:;• (' (. '.•' • ) ~ -I '' /J1, ,< 2J,J ± •12 ,(,cv · . 
' ' \ . . 

This n)nstniint can' be easily satisfied for low t.~n-fi, ho\\:e,·er, for large tan ,B. wlliclt 
. ' . . . . .. ,., .. , '' . .. ' . 

is' the case.oft.he fir~ite modd, one has 'inoblems <hie. to the (m·sem'e'oft.lwsniall · 
fact.or of.sin

12fJ in t.lie det~OI\tina.t.or ~>f e<J:(20). . ·· .·· ·•. · · · . ·· · ' ·. · 
In ~ur 11iodel, ·in a.ddii.ion to tlw dimension-fi\;<' (>peralors aiialogous to :!he 

. minimal m;;del gene~a.ted b:)• ,the i~xchill.tg<' of t.lw fourth c~>lour. t ri1;let. t)wn; 'are · 
· ... additional ones generated by the exchange of t.he t.hree.colout: triplets adjust(·d 'to 

each gcnerati~m. Th<:y are mixed v.i<~ the m~trix.i\f;i. To. find t.lwir contribution. 
one has td !lt!rform diagon~lizat.ion by rht.at.ion·of the~<' tlnce colour· tripl<;fs·with 
th{~ help' of the same 11iatrices 'X imd X i.ha.t wer(• tise<hfor their 'doublet coun!Pr-

. !;arts. Then,·'proci~eding along u;e lir;es (>f H~·f.[21, 22] we wiii g<~t. the amplitude· 
of the proto'n decay iti complete ~tnalogy wit.h t.he minimal modd: 

• . ,· ' ' ' . ' 'I' 

.· .. 2o-2 . (mii). · . (· I . X21 ~\'21. X22Xn 'X2:1.X2:;)·. ·6 -.-- ~ :JMm,.r -- + 2--- + 2--. - + 2-. -. -. 10 . 
n·l.'<zn(2f:J)· 111.~ . . J\·/(1) . •\/{1) . '/(2) . \/(.l) : 
'' ' f· 'I . ' II ' ' • II ' II II ' II . 

I . . 
3

: . 
3 3 3 

(2J)' 

Sitln\ tlw masses of all the colour tripld.s arc of tlw sani<• <;rder of magnitude, one 
ca11 roughly J>U!. . . . . . . . , . . 

(I) . , (2) , , (:1) . . (·I) • \/ M 11 ""11/11 ~ i\111 ~ .\111 ~ .l1. m,.r, 
:\ } ' • -~ ·' c ! 

/Jp ~ 

-, 15 

,, 
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and eq.(21) becomes 

Bp~ ~a(a~(m~)· (1+2(XXT)~2)1~6 • 
.. - . a_3szn 2. . mq ... · . . ·. . 

:\ow taking into acco;mt that the product of two orthog~nal matrices can ~!ways 
bewrittenas(XXr)22=co~O,wege! · ,· .:· '. · . · ,'.· · · 

.B ~ 2n2 · (m- \ \ - _ 
P . a3sin(2,B) · mi1 (I+ 2 cos 0) 106. (22) 

One can easily see from eq.(22} tl;at the additio;al factor (1 f. 2cos IJ}, whi~h \~e. 
gain in .co,mparisonto the minimal SUSY Slf(5) model can be ~s~d to co<nnpensate 
the smallness of sin 2{3 in the denominator and in. this way t~ avoid the problem ' 
with the proton decay in a'ur model in the case of large tan /3. · 

. : . I . . ! . . ·. 

FC~C 
The usual ~roblem ,~ith the na.votir chrmg-lng neutr~'l curn:;nts ·(FCN C) i~ the 

· . multihiggs, models is that due to- the- flavour mixing in. the YuKawa v~rtices Of 
a general type~mc.cann~t avoid the FCNG already. at the tree l~vcl.(23]. _The 
other. source of the .FCNC is the radiative corrections due to. the .Higgs mixing. 
Fortu'nately, both the rn~cbanisms ofFCNC do not cause any trouhie in our mode( 
The ~easol1 is that, .first, the supcrpotential, eq.'(2), is chosen in a way, that the 
Yukawa matrices are diagonai (or become diagonalafter the CKM rotation} iri 
the gen~ration spa~e. This property .ofthe super{JOtential i~ not changed by tilC 
r-adiative corrections. And, second, since the finite inod~l coincides with the MSSM 
below the GUT scale, possible additional one~loop. contribution's .to the FCNC 
different from the-MSSM are ~trongly supprcssi!d. Tl;~s, wcfacethe same problems 
with FC:\C as in th~ MSSM. . .. ·. . -· . . . . . 

/ After r<;cent rneasuremen't of the branchi~g fr'action of 'the indtsivedecay ,;~ 
8/ (24] ~pecial atti!nti<;n has been attracted to this decay: Tbeexp~rimental value 
is very close tothe predi.ction of the.SM w'hich is givcn.by the so~called'1'peng~in" 
diagrams, .[25]. This mi!ans th~t anadditional contribution from SUSY particles. 
should be ~upp~esscd, whi~h le~ds:to a .new con~traint on the param-eters .. The . 
situation in the finite modcldofis not differ from the MSSM 'with large' tari /3. One , 
can mc~t th~~needed requjrement imposing .rather severe c~nstraints 0~ the soft. 
breaking terms~ Iri 'this ca~e the gluino contribution rriay be essenti;lJ. '• 

. "' ~ . . 

\' 
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6 .. Sum~ary '· 

. \' 

./ 

In co~~lusion, wesummarize the main features of the model. First,· the require
ment of a general ultraviolet finiteness of the unified theory singles a'ut almost a 
unique ~ode! and makes the theory very' rigid. ·The Y~ka~a couplings appear to 
be polyl1omial functions in t~rms of a unique Sl.((5) gauge coupling. Following 

'the paper [16], we im'pose the universality conditions, for the soft supersymme
try breaking terms at the Planck'scale; and extendthe.requirement of finite~ess 
to them. This requirement makes 'the nu~ber o( free panimeters of the tb'eory 
smaller than one has in the minimal moder: To a~oid the problem with the gauge 
couplings unification, which isusual.for the theory with enlarged Higgs sector.(26], 
,'Ye reduce our model to the MSSM be~o.w"the GUT scale by the special fine-tuning 

·procedure. ·This fine-tuning is valid in the unified, theory and does not depend on 
the scale due to the finiteness ~f the latter, whichmakes the choice of parameters 
more. me<~:ningful in our m~del. Thelow-energy part of the theory, being the ex:' 
act copy of ,the MSSM, bears· an imprint of the_high-energy unified theory, t'hus 
resultin'g in the, following relations for the Yukawa couplings at the treelevel: 

' '. . . ,, . 

\ i U , 'U D ' - D L ·_ L 
"'i ' Y; =n;y' )J; ::=n;y., Y; =n;y. 

) . . - . ., / 

· ' They .~~duce the hierarchy of t'\J,~Yukawa coupli~gs in th~ MSSM to the hier.archy 
of the vacuum expectation ~alues given by the projection~ of the ve~tors n; and. 
n;: These vectork~ in their turri,' are completely defined by the Higgs sector of. the 

'unified theory,'namely by the Higgs' mixing matrix. . · . . . . ... 
. · O~r ·main conclusion is that· the .finite sup~rsymmetric Gr~nd ·Unified theory, 

being mathematically very rigidand unique, has passed all the preliminary tests 
·" and is proved to· be consistent; Being combined with the soft supersyrrimetry 

breaking vi;: svp~rgravity, it naturally gen~rates' theMSSM with some constraints. 
.on it~ parameters. The rioyel feature of the model is the presence of additional 
heavy Higgs particles a:nd the mbdng matrix in the Higgs sector which plays the . 
crucial role.in the creation of the•hierarchy of the Higgs field v.e.v's aitd via the· 

. Higgs me~hanism the hi~rarchy. of quark and lepton masses. Another property 
· of this matrix, which' we do •not discuss here; is its possible contribution ~o the 

CP-violation due to' the pres,ence of phase factor in S an11logo~s to that. in :the 
·Kobayashi-Maskawa rriatrix. 

: • I ' 

I .. ,, 
. ·Acknowledgements ... · 

.. I . . ; . . , ' .· .. 

We· are grateful to W;de Boer, G.Ross, S.Raby and G.Zoupanos for useful 
~discussions. · · · · · ' · I · · 

This ~ork was partly supported by ISF grant No.RFL300 'and by RFFI grant 
, No.94-02-03665-a. In addition the work of I.K. was supported by ICFPM Fellow-. 
ship (Grant' INTAS No.93-2492). . 

17., . . 

! 



··/ I. 
\-'· 

1. 

" Appendix · 1 • \ 

' . : { 
In this'appendix wepresent tl:ie explicit solution ofthe minimization equations 
(16): As one c~n see, eqs.(16)contain B()nlinearity as· a quadratic combination 
(v~ ~ vZ)origin~ted from the potential (15). Thi~ is·the key property of the system 
which allows us to solveit analytically. As the first step, let us rewrite eqs.(16) in 
the matrix"form.denotirig.this quadratic.combi?ation by x: · 

' 2' ·. ' ' ' 
. (M 1 + xl)v+ J\1'~ = 0, 

(M~ -·xi); ~/M'Tv = 0, . (Al) 

' ' ' g2 +.11'2 (-2 2) 
·.x =: 

4 
v - v ' .. 

' . - . - . " ~ \ ' 

where v. and v an~ the r~al vectors in the generation space 
. , 

( 
'Vv). . (·Vt) . 

v :==' ~; , v' ==: : · ~2 
1 

• 

,v3 _·. ' · . v3 • 

.. ~. 

/ 

It is obvious that ifeqs.(Al )'have ~ nontrivial solution, ,the condit!o~ 
.. .. . ,. ( Mi+ ~I . M' # ). .. : • ' . 

-~ . det M'T M2 . r . = 0 ' ' 
,.~\ , -:. - .· . 2 -~X ;, .. -, . , . 

(A2) 

should be satisfied. Eq.(A2)is the sixth order eq~ation ~ith respect to x; however, 
it can be eas-ily factorized and solved. Namely, due to the diagonal structu're'of 
the matrices M; and M', one has ' . . ' ' '· . ' ·-

. (((M~ht + x)((M;)n- x) ~ (M/td] [((M~h2 + x)((M;)i2 ~ x)·-. (M1~2)~]. 
.. . [((Mih3+ x.)((M~h3 :- x).:_ (M'3~i] = 0, '- '' ,· 

which gives three solution~, re~-pectiv~ly, , "' 

'x~ = ~((m.D; ~(~~); ± V(~mi),+(~Dp2 ·- 4(.p;)2):, i = 1, 2, 3, . 

where we h~ve introduc~d the ~otation si~ilarto theMSSM: 

. ,(A3) 

I ~ ... ' , 
. 2 ' 2 ' . 2 •. . 2 .. ' , .• 

(mt)i = (Mt);;, (m2 ); = (M 2 );;, }t; = M ;;. ., 
'""' . ' • . . i. \ 

For each of the three X; given above, the system (Al) is factorized to three in<h' 
pendent subsystems, but only one ofthem.haszero determinant and, consequcritly, \ 
nontrivial solution. Hence, there e~ist three different independent sohitions 

~ ' ' . . .' .. 

( 

Ut .) 

Vl= ~ .: _' Vt ·. 

'1!3 

·-

( 

'Ut )• . . (> 0 .) .. . .( 0 ) • 

·( ~:)>"' ~~y) ;; v2 _= ·· ~2- ·; 

.0 _ ; v3 =:d < ~ . 
U3' · U3 • 
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II ere u; and li; are. defined as 

. llj = 

II; 

where 

'((mi)i; (m~)i)2~ .IIJ21It) F±(H2 1,~). 
' •. ! I • ' ' •• '; 

(A4) 

- sign(lJpi)y_((rni)i ~-(111~)i.=F 
•! 

( ( mi)i. -J- (mni )2 '- . .tJJ2 Jlt) F±(B2p;). 
' ' ' f • 

. (.-\5) 

' . . i . 

I'±(IJ21tf) =. A±((mi)i_- (m~);) :-:-. J((~nf); + (mniF c.., 4B2pf. 
• . g + g . J((mf)i + (r~d);)2 _: .I[J21< 

Th~~ .arbitrarili<~ss in til!' choice of t.lw sign i1; cqs.· (:\-1) and,(:\5) originating from > 
(A2) is fixed in the following w~y: \\'<'take the upper sig1'1 if (mf)' ·> (rn~)i and 
the low<;r•sign ilL tlw opJ~osil!' cas<'. · . ·· 1

_ .· · . · . /~ · , . · ... 

The quantities'u;, ui ·arc' ,:<:al and JH;sitin.' by definition. In order tog<'l the 
' \ I ~ ' I ' 

1 
.' • 

right-hand sides of eqs. (AI) and (A5) to lw ri-<11 and positivc.a11<! to han·. the 
potcntiitlboundedfrombdow in ,the dir~·<"t'ion.of \"~lllishing quartic terms in (15). 

. t.he following (~oriditi<)ns should be. satisfied: ·: . . 
' ) t' 

2 • 2 . • . 
(m 1 ); +- (m 2 )i > 2j/Jp;j • ,. .' 2 2' ·.. . 2 2 
(m 1 );(m 2)i < /J Jl;. (A6) · 

/ 

where the s(JfUii·eakillg parcun~~t.er /J is ~Jf an (mler of I 02 ~· 10:1 G<'\", 
1 1 Since due t.~Joudillc-t.nllillg pr~JCedi;n. (7.~) t.lwqu~-~~iit.ies (mf)h (mf'h. (m~).. 
(1n~)2, 11f and It~ ~trc of a11 order. of 111/;uT• while (mfh., (m~h a11d 1d arc of <lll 
o~der of M~, cq.(A6) can be.sat.isfied for t.lwthird solut.io11 o11ly. This cxplai11s"'our 
choice of u:e v~u:uum ~olut.ioll. . ' •' ' . . ' . ' ' ,. ' ' 

!. ,· 
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KaJaKoR Jl.H. 11 Jtp. \ E2-95-482 
Kolle'lll<lll cyuepcmtMeTpll•milll reop11~ IIC:mKom o61.c;untc1111~ · 
c' MllrKIIM 11apymemteM cynepcmt~teTplm 

B paMKax crall;tapnwro CHe11apu11 cyllepcmtMCTpii•IIILJX rcop1iii IIC:mKom o6loC:IIIllemu111pc:tnaR.lell 
JlCTa1LIILJii alla'IIIJ KOIIC'Illoii 80 Rccx uop11:1Kax reop1111 BOlM)"IIIeJJJJii SU(5) cyllepcliMMCTpii'IIIOii TBO 
C MlfrKIIM llapynJeJJJJeM eyuepCmf~feTplllL 3Ta MOJIC.1h 'xoTII II liR:JliCTCII IICMJIJJIJMa·thfiOii. OCTaCTCII CTltllo 
JKC JKeCTKO rpiiKCIIpoRaJJIIOii 6.1aro:tap11 TpCOORaiiJIIO KOIIC'IIIOCTJL Tpc(>ORaJIJIC y.l!.Tparplf{>:!eTOROii 
KOJJe'IIIOCTll rp11KC11pycT Jfla'leiJIJII ~KaBCKIIX KOIICT311T C81f~fl na ~taCJIITa6c RC.lfJKOJU 06loCJllflleflllll.: 
Ha~ar.lll yc.1onne ymiBepca·thfiOCTII ua MlfrKfle napa~II:Tp!.l ua tnauKi>IICKOM Macmra6c 11 pacupocrpa11~11 
11a •IIIIX Tpe60RaftJJe KOJle'IJIOCTII. Mhl IIO:ty'laC~f IIO.lfiOCThK> KOfle'fii)"K> 061.e:IIIIICIIIIYJo TCOplllO B!.JIJIC 
Macwra6a IICJJIIKoro o{h.e;~mlellltlf. Hepapxltlf Mace :JeiiTOII08 11 KHapKoR oKalb18aercll Clllllamwii c 
llepapXIICii. 8aKyy~lllloiX CpcJIIIIIX XIIITCOBCKIIX JIO.leii II Ollpe;te.l~eTCll MaTplllleii CMeiiiJIBallll~ IIOC.le:tlllfX 
B npoerimliCTRC IIOK0.1e1111ii. MaCCid cyucpuapT11Cp08 J8ll:IK>JUI01111p)10T 8 COOTRCTCTBIIII C )"paRllelllfliMJI. 
peuopMrp)'IIIILJ. crapryll co llla'lellnii ~I UK IIX nap:merpm1. la:taiiiJhiX 11a JL'WIIK08CKOM ~tacnna6c. O:tnaKo 
ftalllc· Hpc;tiiOJJOJKeJIIIe 0 .IHl'lfiOii . KOJie'lJIOCTIJ II MaKCmJa·JhiiOii .ilpUCTOTl: o(i-J,c;umellfiOii TeOpllll 

• p • - • • • 

11p11BOJUIT K C8~111 MelKJIY na•Jallollhl~fll llla•Jellil~~lll napa~II:TpOR M~llo:Oill nap)11Jellllll CIIMMeTpllll. a 
.., .· .., . --

IIMeiiiiO mjj = I /3mj /!'A1 =AI>= A, =c -m 111.11 = -111 1 ,1• TaKJtM o6p:noM •mc.1o cso6o;uJMX napa~11:rpos 

yMeJtbiJJaercll no cpaRJteJJJJKJ c MCCM, 

Pa6ora n~ouumncna oJ1a(x>p~Tllp1111 rcopcm•JecKt;ii rjlllliiKII IIM.H.H.r>onxuo6o8a OIUII1. 

npcllpHIIT 061.~JIIJJJeJJJJOrtl JJJICTIJT)"Ta ~;tepl;loiX JICC:Je;(ll8:lllllii. Jly611a, 1995 

Kazakov D.( ct al. · E2-95-482 
Softly Broken Finite Supcrsymmetric Grand Unified Theory 

In the context of the standard SUSY GUT scenario we present the detailed analysis of the 'softly 
broken finite to all orders of perturbation tlicory SU(5) supersymmetric grand unified theory, The model 
albeit non-minimal remains very rigid due to the requirement of finiteness. The requirement of UV 
·finit~ncss fixes aU the Yukawa couplings at the GUT seal.,:. Imposing the. condition of universaliiy on 
the soft couplings at the Planck scale and then exiending the condition.of finiteness to them. one gets a 
completely finite unified theory above Mc;ur The hierarchy ·or quark and lepton masses is related to that 

of v.c.v.'s of the Higgs fields ami is governed by the Higgs mixing matrix in the genemtion space. 
Supcrpar1ners.dcvelop their masses according to the RG equations·staning from the soft.terms at the 
Planck scale. However. our ~uggesiion of complo:te finiteness ami-maximal siniplicity of the unified· 
theory leads to the connection between the. initial \'~!lues of so_ft SUSY breaking parameters.namcly ., .., ·, . . 
m0= lj3mj12• A

1
=Ah=A,=-m111• B=-m112• so that the number of free parameters 1s reduced 

compared to 'the MSSM. 

The investigation ha< been pcrfonncd at the Bogoliubov Laboratory of Theoretical' Physics. JINR. 
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