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We find that the presence of a real .calar in the grand 

desert transforming as (3,0,8) under SU(2)Lx U(l)y x SU(3'C ensures 

agreement of the GUT-predictions with the LEP data and proton 

lifetime (T ). The mass of ( is predicted to be close to the 
p 

Peccei-Quinn symmetry breaking scale. Computation of threshold effects 

in SU(5) with Higgs representations 24, 5 and 75 shows that the 

ma~{imum allowed T for reasonable superheavy Higgs masses is 
p 

accessible to experimental tests at low energies. The additional 

pt"ed ict ions in so (10) at"'e small neutt""ino masses compatible wi th 

solution to the solar-neutrino problem and dark matter of the universe. 
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Precision measut"'ements of SinLe and stt"'ong intet"'action 
w 

coupling at LEP combined with i:mpt"'oved estimation· of the 

electt"'omagnetic fine structut"'e constant at ,...f;h~~ Z.~(Ilass has led to vet"'y 

accur'a.te determina.tion of the gauge couplings of the standard 

model (SM).This has revived interests in grand unified theories (GUTs) 

with or without supersymmetry(SUSy,1-?Kinimal SUSY GUTs' or nonSUSY 

2-::;GUTs:l...? wi th intermediat~ scales ar'e COllsistent wi th the LEP data 

and the existing limit on proton lifetime (T ), but the minimal . p 
..,. 

nonSUSY SU(5)· theory predicts SinLe and T significantly lower 
. W P 

than the experimental data. The disagreement with the data persists in 

a number of grand desert models even if threshold effects are taken 

into considerationK But recently the addition of more than one 

scalar at" fermionic degr'ees of ft"'eedoffi wi th low masses 5 -? have been 

shown to be consistent with the data~ When more than one scalar 

multiplets under 8M are kept light, it needs more than one additional 

finetuning of parameters in the GUT-Lagrangian. 

In attempting to confine such unnatural act of additional 

finetuning of pat"a.meters to a mininmum we demonstrate here that the 

presence of a single real scalar multiplet {(3~O,8),which we call a 

calaut"'ful blaam"enSUt"es complete agt"eement with the da.ta pt"'ovided M( 

is close to the Peccei-Quinn symmetry breaking scale or the 

geometrical mean of the Planck and electroweak scales.We discuss the 

made I embedd i ng in SU(5) and 80(10) GUTs and compute threshold 

effects on the grand unification mass MU' the (-mass and the 

GUT coupling constant showing that the maximally allowed T in both 
P 

the GUTs even for a factor of 100 mass splitting among superheavy 

Higgs-scalar components is accessible to e}~perimental tests at low 
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energies. The dominant induced contribution to Majorana neutrino masses 

in SO(10) are compatible with values needed for solar neutrino puzzle 

in the MSW mechanism,and dark matter of the universe. 

The renarmalizatian group equations (RGEs) in the mass 

range M is wt"'i tten as 
z 

3 
?2 b .. Ol,":,"(u) -ot. (u) ( 1 ) a. Ol. (l...d 

1J 1 r- J'1 1 L 
j=12rr 

gauge couplings,respectively. In the mass range M( ~ ~ ~ Mu the RGEs 

in (1) have the coefficients a. 
1 

and b .. 
1J 

defined below. The GUT-

threshold effects on the gauge couplings are included through the 

matching functionsS 

A.
1 = 1 

(2)12rr ., 1=1., 2., 3 

coefficients a. and b .. are taken to be due 
1 1J 

to the standard three fet"'mian genet...,ations (n =3) and one light Higgs
g

= -19/6, 27110, 

contribution due to the 
, 

(3,0,8) is included to evaluate the coefficients : a2=-l/2~ 11/2, 
, , " , , 

b?,,)=161/2, b"",-=!,=108, b-=!'I"') =81/2, =37, a ....1 = a.1 and b .. = b .. far other-- ~~ ~~ - 1.J 1J 

-1 -1values of i and j. Using the combinations a (M) - 8/3 a 1"')(1'1 ) and z ...... z 
M8/30t-~ 0'1_ ) we get two simultaneous equations in InMU and 

-'II_v. &:.. 

zM 
In-( .. their solutions yield

M ' z 
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M 16n 7 10 ex 2 8 
InMU = + Stn e ) + <pC + pU)( -:r -:r 

Z S 1~7[ 3 "-'187a :!.ot W ..... 

-:r 
'...1 (pC +pU)_ 7 <pC +pU)] 5 

-,;- + [ 7>...1 + 9'A. - 16A3] (3)
2 2 1 1 3366 2 

(4) 

C ( u' uwhere p "=B. "X. , P. =B. . X . the repeated index impl ies summation,
1 1J J 1 1J J 

... at j (My) U /I , , 
X~ = In ~ X. = b .. /a. , B .. = b .. _I a. .• The first

J at.(M)' J 1.J J 1J 1 J J 
J Z 

F'-:r) rept"'esents 
"-' 

one(two)-loop contributions.The third term containing A..·s 
1 

threshold effects on the respective masses. Thus even though there is no 

new gauge-bosons- mass threshold for Hz < ~ < MU' the GUT threshold 

effects induces changes on ~. It has been found by one of us (M.K.P)9 

that the electromagnetic finestructur~constant matching at the 

electroweak scale is possible only by taking into account the threshold 

effect on the GUT-coupling constant which is obtained from the 
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evolution equation for a-I'M) = -1(1'1 ) + a~I(M ) 
z 1 z: .:... Z 

466ct= 3 +_1_ (347 + - 271 44~8n: ( 932 (P~ +Bot 18701. a 
s 

-945{P~ + P~) +1135(P~ + P~»)+ 134!4rr (1135:>-"1- 945A. 2 + 932J'·3) 

(5) 

where the X-dependent(independent) terms represent threshold (loop) 

contributions.We use the following values as the input parameters at 

the Z-mass consistent with the LEP data 
? 

Sin-e =0.2333 ± 0.0008 
w 

a~=0.113 ± 0.005 (6) 
"-' 

Ol~(M_) 
..c.. L 

= 0.03351 ± 0.0002. At 

first ignoring threshold effects but including two loop contributions, 

-1 ... 
we eva.1ua t e C)t i \/-l J as a function of /-l by numet-'ically integt""at ing 

(1) in the range /-l = M -- Mv and the corresponding equation in the 
Z <., 

t"",ange J..l = M(- t'1U whi Ie cha.nging t4( and MU around their one loop 

values given by {3) and (4} unti 1 we obtain an e:·~cellent 

meeting point as shown in Fig.1. We find that the intt"'oduction of 

-1 -1
(3,0,8) decreases the slope of the a 2(/-l) and a 3(~) trajectories for 

remains unaffected. Both numerical solutions and 

the anal ic (3) (5) ignoring threshold effects 

.. C "") 15 -1 are consistent with = 10~ )*~ GeV, M~ = 10 GeV, a G = 39 ... 05 with 

.330, -1 .. 411., 
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The Higgs scalars necessary for spontaneous symmetry 

bt"'eak tng (SSB) of a GUT to U(l) x 8U(3}C and (can be found in em . 

su.itable ~"'epresenta.tions of popular"' models like 8U(5), SOt10}, E
6 

, 

80(18), SU(B'Lx 8U(B)R' BU(15) and 8U(16) etc. When threshold effects 

are neglected all the models yield almost the same solutions far MU' 

M( and a ;but the threshold effects on these quantities could differG 

from one model to the atherd In order to look into the possibility of 

testifying or ruling out the model thr'ough pt"'oton lifetime 

measut"'emen ts i t is essential to compute maximum allowed value of T 
P 

including threshold effects. For the sake of simplicity we compute the 

effects in SU(5) and 80(10) only. In SU(5), besides the Higgs 

representations 24 and 5 necessary for the SSB at the "u and M 
z 

scales ( is contained in the representation 75~ We specify the super-

heavy components of these representations with respective transforma

-ticn pr'opet"'ties under'" 8M: ~ => C(1,-2/3,3), 24 ::> D1 (3,O, 1) + D (1,0,8)"2 

-c E (1 10/~ ~\ + E (? 5J~ -~ + E (1 1~)'<~) + E (~ c/~.L:d::::> 1 ' t .j , ....:;,. r 2 .... ., ".J , .:;. ) 3" - t. J' ._"., •.;) 4 .4..., -;.".; ...:;. , + 

E (2,-5/3,6) + E (2,5/3,6) + E7(1,0,8)~ Contributions to the matching5 6 

functions including those due to 12 superheavy degenerate gauge-bosons 

at"'e: A1 = 5 + ; f..'''''''l = 3 + 
.;:: 

In tH./M ).In the degenerate case when 
1 U 

all superheavy Higgs masses are equal (71. = 71 =± In(,) we obtain 
1 
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5 
= +9"_,,"",, = (25 -36n) /561,~ln ( ~U) [ 7Al -1&3]3366 ..:.. 

z 

M 
~ln(M() = 5!1[ 25"-1 -481-.. .... +23A.3] =(27 +567n) /561,

L z 

-1 
~a.. G = 1 (1135 Ai - 94513464rr 

= (4704+37776T})l13464rr, 

_.03 
-1 2. 1= 10+. 08 

and ot = 39 .. 05± 1.9 fat"" 0=10 ..lead in9 to 
G 

In the non degenerate case the occurence of 10 unknown superheavy 

masses intt""oduces arbitrariness into the theory, but the 

uncet""tainties can never·theless be estimated by assuming that each 

n.=+ln~ or -ln~ which corresponds to a mass splitting bv
.? 

a fa.ctOt"' 
1. ..., 

~L among the super"heavy- scal-3.t'" components. In the absence of any 

precise value of ~ we extend the arguments used in the 8M where the 

one-loap radiative corrections and unitarity bound on the tree level 

amplitudes restrict the scalar bosons mass to vary only by a factor 

10 on either side of the symmetry breaking scal~ Thus we will assume 

that this is possible if and 

leading to 

M 
.6.1 n ( ~:) =5 (30+ 102r,(+) -145. 2:,-,<-) ) /3366 /I-In (-M(.....)= (""">74-z-:.r·11- ++-=!"6-=!" OJ 'C'6- 1u L. -L~·n ~ ~n I~ ~ 

.:... ..r.. 

and 6.CA.-~ = {4704+15093n<+>+22683n<-'}/13464rr .. The r"esults of 

threshold corrections are presented in Table I where the ±{~)sign in 
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(+) (-) 

e~·~ponent of 10 have been obtained wi th n = -n = In/3 (-In/3) fat.. 

{5 = ,110-10. It is to be noted that (5 = ;110(10) implies a mass splitting 

by a factot" 10(100) among the super"heavy Higgs-scalar' components. In 

all estimations far the proton lifetime presented in Table! we have 

4 2 4 '"'l 

used Tp/T; =( MU ~~ I M~ a~). Including threshold effects we have 

obtained for ~=10 in the nondegenerate case 

0.39 
0.35 ±.035 ...... -1 -W-Q --5-°. 5bel} ... , Ol G="::'" .(J +0.7 ±O.1.5M = U 

where the second uncertainties are due to the experimental errors in 

the input parameters and the first are due to threshold effects. 

Thus, even if l.AJe allo".., a ma}~imum factor of 10 due to 

uncer"taint ies in the estimation of p---* e 
+ 

IT 
a 

matr'i}~ elements T :$ 
P 

yT'S, which is accessible to the Superkamiokande experiments.As the 

accepted range for the Peccei-Quinn symmetry breaking scale is 

910 __10 12 GeV the value of predicted by the model is within this 

range and also close to the geometrical mean between the Planck and the 

electroweak scales. The neutrino mass in 8U(S) is,however,exactly zero. 

The additional advantage of the deser't-like SO{10) aver' 

SU(5) is i.ts potentiality to yield nonvanishing neutrino mass.We have 

... . 1.0checked that the conventional see-saw meCilanlsm including r'adiative 

corrections yields too small neutrino masses while the dominant induced 

contribution12 accounts for the values needed for solar neutrino puzzle 

and the dark matter of the universe_The symmetry SO(10) is broken to SM 

tht"'ou.gh Higg-::; rept"'esentations 45 and 126. The t'ept'esentation 10 

contains the standard Higgs doublet that drives the symmetry breaking 

at the electroweak scale_ Besides the r'eal scalar' <(3,0, 8i c 210 of 

SO(10). Thu5,only one additional finetuning of parameters is needed 
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· . 

in the GUT-lagrangian to C light.The superheavy components of these 


Higgs representations under 8M are decomposed as: 


10 -.. T i 1 ....,. '7 =;) 
 + T,-.{1,2/3,3) + 	 T~(2,-1,1); F .. (31! 0., 1) +-' 1'" - .:../' '';', .:;.. 	 J.. • •
,.j..::.. 

F .... (1., 0., 8) ; 	 2.,1) + L.... (3,2/3,3) + L .... (3", -2/3 .. 6) +C' '14" 1) +
i "1" , ., .... ....::,:::. ....::.. 	 ..::.. 

R., ( 1 , 2, 1 ) + R-::r(1,2i3,3}+ 	 R5 ( 1 , 4/3, '3) + 
..:::.. 	 ..;. 

(1,-8/3,3)+ (1 '! 8/3,6) + 	 e (? -1 1)+ ~ -::r (2, -1l3, 3) +2-"-' , .J 

{ . (2 .. 1/3", +o· , 

+ S,",\{1,-2l3,3); 	 2:R (1,2,1)+
..:::.. 

1 
'" ; # .. C' •-.. -..}' +L. . \l,-1._1 /.::..,.::.. L.-_ (1", 10/3.3) +

R	 t\':.' ,
"5 	 \:) 

+ 	 (1,2,8)+ L:H (1,-2,8) 
~ 1 <:l 

L: (3.-4/3~3)+ 	 X..,,(2,1,1)+L_' . 	 ..::..-.'..:.. 

+ .--* y.}+
1 -1 

P1 (2,5/-3,3)+ 	 C/ " (1. -4f31! 3) + 0'" (1", 4/3 .. +l' . ",,-' . 

0,.(1.,0,8) .. There is a natural constt""aint on some of these ffi·-3.SSeS as 
~_t 

we note that along with the left-ri discrete symmetry (=Parity),the 

Pati-Sala~3 gauge symmetry SU (2) t, }~ SU (2) C:;U i 4'r (= 8,......... 4 
L "- '" < C 	 - ..:::..L 

C"becomes a good symmetry as soon as 50(10) is restored for Mu. .......lnce 

the Itiplet (1,3~1) c has been absorbed as would-be Goldstone 

bosons by the gaLtge bosons of mass its left-handed 

caun ter""p at"" t 	 8M must have mass 

Similat""ly, r1~:$ Mfl since T",:!" and the standat"'d doublet at""e conta.ined 
r ...... W' •....} 

,.2= 

of the 	 Also the 



, . 

(3,1,15) ~ (3,0,8) and the parity-restoration for 

~ ~ MU restricts M~ S Mu' M~, S MU.For the sake of simplicity we take 
L. R. 

1 1 

all the superheavy scalars transforming non-trivially under SU(2).
L 

at"' SU (2) of
R 

M~ =M~ S MU' M =M < MU' M = M~, M = M , M- = 
L R . LR ~L. ~L ~ i (", X- i X- ;:ri 

l 1 

M- = M-. It may be noted that the masses HI'._ M " M- \II M and M- need 
Pi P " ;:r' ;:r p pr 

not necessarily be lighter than MU. Including the scalar contributions 

354(~ +n )+ 348n }. The superheavy degenerate gauge bosons of mass 
0'.. Ct..... Ct ..... 

.1..L .::, 

V u 
contribute equally to the matching functions7~1 = ~.; = 8,thus 

-oJ 

the constant terms cancel out from the threshold effects on MU and M{," 

In the degenerate case n.= n = -ln~ ( n = +ln~ is not allowed because 
1 

of parity-restoration constraint) and this gives 

M -1
.6.10 (MI.lM ) =-0. 0175 In(?., 6.1n (-Me) = +0.85 In(3 and Ao. G = 0 .. 212 -3 .. 62 In(3,u z 

z 
M 

0 85 C-O .. 02 -1leading to-M~ = 10+ .. ~U = 1 =39 .. 05-12 with, M 0 J , Dl G 
C u 

-0 ""4T ITO =10 -"'.;:.. far 10.. In the nondegenerate case,maximal increase
P P 
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in M'_I 0 t"" T pimp 1 i es Ii =)1 =n =iir' =0,
F 1 T 3 .6.L .l..L 

7i..-. =n =n-= T) =n =n =-In(3 and Simi lat""ly ma}~ima.l 
L.R :t .l:: 0 0'2 0'31 

decrease in MU or Tp implies TJ =n~ =0,A
R H 

1
thr'eshold effects on the mass scales and ex G for"" value of (3 =-110-10 

and the corresponding effects on T 
p 

• Again far a factot"" of 100 mass 

sp 1 i ting among the supet""heavy-sca.lat"" components ((3=10) under"' the pat"'i ty 

restoration constraint the maximal increase in T is found to be 10+1 • 6 
p 

and this makes the model accessible to experimental test within the 

8uperKamiokande limit. 

The right-handed Majorana neutrino mass in the 80(10) 

The usual see-saw fo .."'mula.10 wi th app t"OPt"" i ate 

radiative corrections.11 is found to yield negligible contribution as 

compared to the induced mass of the left-handed neutrinos arising out 

of the diagt"am shown in Fig. 2 .. whet"'e ¢ (2! 1, 1) c 10 l.s the stanOat"'d 

originate lets 

contained in the Higgs representation of SO(10). The induced 
2 ?

/A-,c .....cen tt"' ibut ion tut""ns out to be m ="J......h 1." ••••-f-' •." <aRc> 1M;:' (i=e,~,T).Assuming
v. 

1. L 

that the same Yukawa coupling is responsible for the masses of all 

· 	 d h . o.particle in a given generation of f et"'m~ons we use .. <.¢ .>= m fOt"' the 
1. 	 q.

'1 

mass of the up-quark Q. of ith generation (i=e,~,T), and the quartic
~l. 

-.L.. 
Higgs coupling ~~1. We then obtain m =( 2.5xl0 

v 
e 

""l --'"' 7&5xl0-":':' ) eV a.nd .L.m =( }~ 10 7) eV. Thus v 

model 

doublet and 

0 .. 1 0 .. 2 M.. is compatible ~.,fith adiabatic SDIL~t ions whereas 
u 

11 
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is already consistent with nonadiabatic solutions for 

2 ? 
~m = (m -m)- necessary for the solar neutrino flux using the MSW 

v e 
J..l 

mechanism. The values of m ~ 1-7 eV needed for the interpretation of 
v 

T 

the dark matter of the universe are also possible for MA ~(O.l- O.2)~ .•
L.).L U 

The in'v'estigations cat"t"'ied out in this shor"t communication 

shows that the presence of a real (3,0,8) scalar in the grand desert 

which we call a colourful bloom, can ensure complete agreement of the 

SU(5) and SO(10) model predictions with the LEP data and proton 

lifetime. In addition even for a resonably high choice of a factor 100 

mass spliting among the superheavy Higgs-scalar components,the maximal 

predictions on T can be probed by low-energy experiments, thus ruling
p 

out the model or testifying its cansi In the SO(10) model,the 

predicted value of neutrino masses are found to be consistent with 

adiabatic or nonadiabatic solutions to the solar neutrino flux us 

the MSW mechanism. While m prediction fulfils the requirement of the 
v 

T 

cosmological dark matter of the universe~At present the accepted range 

o 1"" 
of Peccei-Quinn symmetry break scale t1PQ~ 10 '"- 10... ..:.. GeV .. Ei{cluding 

threshold effects in bath the GUTs,or including the effect for the 

degenerate or nan-degenerate superheavy scalars in 8U(5), Ot~ the 

degenerate case in 80(10), the predicted value of is t..,ell ",.. i thin 

this range& However only in the non-degenerate case of SO(10), the 

threshold effects might P 1=lrm;-l- M to be outside this- - '" !!{ 

We have thus found the most economic but a very interesting 

of the blooming grand desert models which could be embedded in popular 

GUTs with just one additional finetuning of parameters. The (3,0,8) 

mass is so high that its direct experimental signature does net seem 

t • 

, i 



to be possible in near future. The most interesting law-energy 

signatures of the model are experimentally testable proton decay and 

small neutrino masses needed for solar neutrino flux and cosmology~ 
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Table Captions 

Table I 	 Thr"eshold effects an the ma.ss scales MU and M( fot"' 

different factors of mass splitting among the superheavy 

scalar components in the 6U(S) GUT. The first raw (D) 

represents values for the degenerate case. 

Table 11:-	 Same as Table I but for the SO(10) GUT. 

Figure Captions 

Fig.la .. -	 Evolution of the thf'''ee inverse gau.ge coupl ings in the model 

11') ?
the slope changes correspond to M( = 10 .• - GeV and 

-'-h . f' ..I.. "" ... .15 --.. ...L.. .. 
1:; e unl lCa"I..:lon a~ hU= lU bey. 

Feynman diagram for the induced Majarana mass of the 

left-handed neutrino~ 
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Table I 

0 0 -1 0
(J Me/Me MU/'U OtG TP/TP 

_1.. 0 +,08 +,30
1·-·+1.,0 10-,02 -9 .- +2. 1. 10. 8210(D) u ...:::... \J_1. 9 

0.26 , a8 
9.0 .951 39 .. 0+:~ 

5 

.12 ,20 
.:16 .1.6

-flO 

Table II 

TP/T
o 
P 

_.02 ·_.24 

10+0 . 010+0 . 0 
10(D) 

+3.6 _.66 _2.57 
10-a. '7 10+' 44 10+1 . 69

10 39 .. 0±fb~ 

+Z.4 _.46 _1..70 
10-2 . 6 i .-.+. 90 10+0 . 8 1.5 01. tJ 39 .. 0±~:~ 

_. aa _< 90 
10+<8410+. 22

-;10 
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