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A COLORFUL BLOOM IN THE GRAND DESERT WITH OBSERVABLE PROTON

LIFETIME : AND SMALL NEUTRINO MASSES
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We find that the presence of a PEél ééalar in the grand

desert transforming as [ (3,0,8) under SU(ZBL’x Uil)y X SUiE)C ensures

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

lifetime (r_}. The mass of ¢ is predicted to be close to the

Peccei-bluinn symmetry breaking scale.Computation of threshold seffects

in SU(3) with Higgs representations 24 , 5 and 75 shows that the

maximum allowed T for reasonable superheavy Higgs masses is

accessible to experimental tests at low energies. The additional

predictions in S0(12) are small neutrino masses compatible with

solution to the solar—-neutrino problem and dark matter of the universe.



Precision measurements of SinQQw and strong interaction
caupling at LEF combined with improved estimation. of the
electromagnetic fine structure constant at the: Z—mass has led to very
accurate determination of the gauge couplings of the standard
model (SM) . This has revived interests in grand unified theories (GUTs)
with or without 5uper5ymmetry(SUSY&z_?.Hinimal 5U8Y BUTs or nonSUSY
GUTsY” with intermediate 5cale§b5 are consistent with the LEF data
and the existing limit ‘on proton lifetime (Tp), but the minimal
nonsSuUsY SU(5) . theery\ predicts Sinzaw . and Tp significantly lower
than the experimental data. The disagreement with the data persists in
a number of grand desert wmodels even if threshold effects are taken
inte consideration. But recently the addition of more than ane
scalar or fermionic degrees of freedom with low masses~ ¢ have besn
shown to be consistent with the data. When @ore than one scalar
multiplets under SM are kept light, it needs more than one additional
finetuning of parameters in the GUT-Lagrangian.

In attempting to confine such unnatwural act of additional
finetuning of parameters to a mininmum we demonstrate here that the
presence of a single real scalar multiplet ((3,0,8),which we call a
colourful bloom,ensures complete agreement with thes data provided MC
is close to the Feccei—-GQuinn symmetry breaking scale or the
geometrical mean of the Flanck and electroweak scales.We discuss the
model embedding in 8SU{5) and S50{(10) GUTs and compute threshold

effects on the grand unification mass M the [-mass (M.} and the

u’ 4
G6UT coupling constant showing that the maximally allowed Tp in both
the BUTs even for a factor of 100 mass splitting among superheavy

Higgs—scalar components 1s accessible o experimental tests at low
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energies.The dominant induced contribution to Majorana neutrino masses
in 8010 are compatible with values needed for solar neutrinc puzzle
in the MSW mechanism,and dark matter of the universe.

The renormalization group eguations (RBEs! in the mass

range M_ < o =< H( is written as
) =
2 2 (1)
aai{u) a, ai(u) 1. }: hij mi(p) “j(“) 3
u =  — =
)Y, 2 B i=1

2
where ai= g;!4n and i=1,2 and 3 refer to the U(l)y,SU(EI and SU(E)C

L

gauge couplings,trespectively. In the mass range ﬁ( < p = MU the RBGEs

»,

in {1} have the coefficients ai and bij defined helow. The GUT—

threshold effects on the gauge couplings are included through the

matching functions® (M), 1=1,2,3
1 = 1 ki i=1,2,3 (23
TR - - - b Flysa2 <
ai(Hu} g 127
For p = M_ — Mf + the coefticients a, and bii are taken to be dus
to the sitandard three fermion generations (ng=3} and one light Higgs
doublet inh=i} oA = 1710, an= -19i/&, 33=—?§ b11= 199/30, b12= 27710,
b13= 4475, bEig Fi10, b22= 3546, EESZ 1z, 531= 11714, b32= @/2 and
b?z= -2&. For u = ME~— HU ;» the additional contribution due toc the
FiZ,0,8) is included to svaluate the coefficisnts : a.=-1/2, a,=-11/2,
b,,=1615%, b__.=108, b, =B1/2, b ,=37, a,= a, and bi;m bij for other
s P | ot A ad® i - -3
values of 1 and 3. Using the combinations a_liﬁﬁ} - 8/3 a_iiﬁv} and
ani{M~} - BISQ—éiﬁq} we get two simultanecus equations in 1n_§u and
M z

4

ln—ﬁ~ 1 their seolutions vield

-
a

2]



M. lé&m 7 _ 10« 2 5 g L u.
Inw = 187 [_f.-'} Sog T o0 aw] 3 ?[ 5 Pz + FY
3 r .4, 7 Lo u 3 _ _—
= (P2+PE> = (F1+P1) + s=rz 7x1+ QXE lékz (33
€ o A (e 230 a2 Yo -3 [ 1e K+ £Y)
"F_ T 187a [ a_ = =in w] 187 2 2’
23 4 (% 25  r . U 1 - _ -
= iPE + PS} - —= xP1+F1}] + EET[ LSRl 48h2+_3h3] ‘(4}
4 "4 u o’ . u _ . . . .
where FP.=pB. X°. , F. =B, . ¥ the repeated index implies summation,
i i3 i i3
- o (M) o, (ML ) . .
X = an—3 & M -ogp 3 YUY g _p sa . B . =b. ./a..The first
J aj{H?) 3 aj(ﬂ?} i3 13 3 13 13 3
{second} term containing o, o, and SinzaN (Pi’ F. and F_} represents

one{twa)-loop contributions.The third term containing ki's reprasent

threshold effects on the respective masses. Thus sven though there i1s no

new gauge-bosons— mass threshold for Hz < <M

U the GUT threshold
aeffects induces changes on HC- It has been found by one of us (M. K.F°
that the electrnmagnetit finestructure-constant maiching at the

electrowsak scale is possible only by taking into account the threshold

effect on the GUT-coupling constant A which is obtained fram the

g



evolution esguation for o (M} = T, (M) + Oy (M_)

z 1 347 | 46bx oo, .. T 1 el oY
Ba 1874 [ g YTz o F7 Singy ] 44§§n[ 7I2lFy + Py

=

U

-
-

— z: = C u 1 - P R
RASFL, + Fo) +1135(F) + FO) |+ g | 11350 - 9456+ 9320

{

|

i

wingre the M—dependent{independent) terms represent threshold (loop?
contributions.ie use the following wvaluss asz the input parassters at
the I-mass consistent with the LEF data
2
Sin 9w=G.2333 + O, 0008
a,=0.113 £ 0.005 (&7

-t

...lz

o 127.9 + 0.2

leading to aliﬁz} = 0.03171 & G 000046, o, (M_} = 0.03351 * 00002, At

=

first ignoring threshold effects but including two loop contributions,

we evaluate afliy} as a functicon of p by numerically integrating

i

{1} in the range uyu =M _— M, and the corresponding eguation in the
= 5

range g = Mf__ WU while changing ﬁ( and ﬁu around their one loop

values given by (3} and (4 until we obtain an euxcellent

meeting peoint as shown in Fig.l. We find that the introduction of

U, -1 -1, . . .
[1{3,0,8) decreases the slope of the o _{(u} and a J{u} trajectories for

i

@ = M, while a~1€u3 remains unaffscied. EBoth numsrical solutions and

L i
the analytic expressions {3y~ {5) igrnorin hreshold =ffects
Y

. . o 10,2 ba 15 . -1 - - .

are consistent with M, = 14 GeV, M, = 14 BeVY, o .. = EF.05 with
4 : L ! G
] e o ne A LU RE
xg = .330, X% = -0.336, Xi= —1.411% x'[=0.081, X5= 0.0&7 and X5=-0.077.
- it . P )
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The Higgs scalars necessary TfTor spontansous symmetry

breaking (588} of a GUT to H(i}em ¥ SU(S)C and ¢ can be found in

suittablie representations of popular models like BU{S), S0(10), Eé,

50018y, SU(B)Lx SU{8: SU{13! and BU{i&) etc. When threshold effects

R?
are neglecited all the models yielid almaét the same solutions for MU‘
H( and o sbut the threshold effects aon these guantities could differ
from one model to the other. In order (o look into the possibility of
testifying or ruling out the model through proton lifetime
measurements it is essential to compute maximum allowed wvalue of T
including thresheold effects. For the sake of simplicity we compute the
effects in SU{S) and SG{10) only.In 5U(S), besides the Higgs
representations 24 and § necessary for the 55B at the MU and Mz

scales { is contained in the representation 75. HWe specify the super—

heavy components of these representations with respective transforma-

~tion properties under SM: 5 o C{1,-2/3,3), 24 o> D

5 . ; (3,0,1) + Dy{1,0,8),

prd

2]

75 = E1(1,10J3,3} + E(2,573,3 + Egiii—iﬂfE,g) + E, {2,-5/3,3) +

4

R

ot

E=(2,~5!3,§} + Eé(E,ﬁiE,ﬁi + E_{1,0,8). Contributions fo the matching

functions including those dus to 12 superheavy degenerate gauge-bosons

are: A, =5 + 2/8np. + Sng + snE,.f SnE7+ 5;’2‘135‘1+ SnES+ ’Sngé : A, =3+

i = =

2 + 372 I/2 F = ; A=2 +3 /2 +
457713 ‘::‘I’L}?E’?". ""-"‘7?5 + T?E + T?E 3 }1; +72‘C"'3779 +1 ‘Y?E "‘T?E + ?’?E T?E +

1 4 3 & = =2 1 Z 3 4
+ + In- ~ . = A T I t -
SnES SnEé ntj, where ny in (Hl Mu’ In the degensrate case when
all superheavy Higgs masses are egual (ni =7 =t In! we obtain



M 5 - ‘
— —3 —am—ms — - ~ - P
Aln[ Mg] =TLE [ ?Ri +?%2 16%3- (25 —3&n) /561,
MC i r _
— = e = — 273 =-‘2? 2
M”[ M,] SeT| 25Ny TABNp *EIng| =27 +567m) /561,
fo g = . (1135 A, - 945 A, + 932 A
6 1346an | T 7T "1 S
= (4704+37776n) /1344640,
M - 203
+ —
lzading to -t = 107, By = 107 sad o) = 29,05+ 24 far A=10.
?%Z:o M, &

In the non degenerate case the ococurence of 10 unknown supsrheavy

masses introduces arbitrariness intoc  the theory, but the extremal
uncertainties can nevertheless be estimated by assuming that each
ni=+1nﬁ ar —1inR which corrssponds to a mass splitting by a fTactor
=
3~ among the superhsavy scalar components. In the absence of any
precise valuse of R we s2xtend the argumenis ussd in the SM whers the
one—lpop radiative corrections and unitarity bound on the fres level
amplitudes restrict the scalar bosons mass to vary only by a factor

10 on either side of the symmetry breaking scale Thus we will assums

[1nﬁ|$ 2. 30235 saturating these limits.We extremiss AlniM

u

that this is possible if Tigw = N = N T N i = nvb and

1y E . "e.” "

i 1 o< o) 4
{= ..
Nem= N = N = N = TN = 0 ieading o
c” "o, "e.” "e,T E,
M - <+>' =) ﬁ{ + -

Aln[—ﬁU]=5(36+102n —145.2n ) /3366 azn[—ﬁ ]= (27+204n +343n ) /561
and Ao 1 = {4704+150935V+22683n 3 /13464r. The results of extremal

&5

threshold corrections are presented in Tablie I where the ${(¥isign in

7

/M_} and find



/.

4 —_
e sxponent of {0 have been obtained with n()= —n()= In (~-InB3y Tar

3 = Y10—-10.1t is to be noted that 3 = Y10{10) implies a mass splitting

by a factor 10(100) among the superheavy Higas—scalar components.In

all estimations for the proton lifetime presented in Table I we have
4 2 4

used t /10 =( M, o2 7 M2 o). Including threshold effects we have
P B u G U g
. 2%0. 3.
obtained for 3=10 in the nondegenerate case HC=101' +O.3=.11 Gev,
4=y ©0-38 _ w42 Sy
M= 1otoT 0035 =0yl é=3?.@3¢8:? +o.15 and rp=1s:r1—"‘-°'“ YIS,

where the second uncertainties are due to the experimental errors in
the input parameters and the first are due toc threshold effects.
Thus.,even if we allow a mawimum factor of Y due to
. . . e . + a . . L
uncertainties in the estimation of p—» 2 7 matrix elements Tpﬁ 10
yirs, which is accessible to the Superkamiockande experiments.fs the
accepted range for the Pecosi-fluinn symmetry breaking scals 1

2
10?——i91“ GeV the valu= of HC pradicted by the model is within this

]

range and also close to the g2omeirical msan between the FPlanck and the
electroweak scales.The neutrino mass in  SU{5}! is,however,exactly zero.

The additional advantage af the desert-like SO(10} over
SU(S} is its potentiality to vield nonvanishing neutrino mass.We have
checked that the conventional see-saw mechanism o including radiative
corrections vields too small neutrino masses while the dominant induced
contribution'? accounts for the values needed for solar neutrino puzzile
and the dark matter of the universe.The symmetry S0{(10) is broken to SM
through Higgs repressntations 43 and 124. The representation 10

contains the standard Higgs doublet that drives the symmetry breaking

at the electroweak scale. Besides the real scalar £(3;0.8) < 219 of

S0{i4. Thus.only one additional finetuning of parameters is needed
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¥

in the BUT-lagrangian o kesp [

X

ioas

light.

The superheavy components of thess

representations under SM are decomposed as:

10 > T, (1,-2/3,3) + T (1,2/3,2) + T (Z,-1,1); 45 > F (30,17 +
. ¥
F_{1,0,83; 25 o L {3,2,1) + L 3,272,353 + L xm -2/3,6 + R, {1i,4,1) +
- k] . A 3 * = 1 3
~fL,E, 1+ RO(L,2/3,3v+ R4(1,2!35&}+ R5{1.4f¢,3}+ R&Qi.wﬁfS.é}+
R?i1,~8f3,3)+ R8{1f8f3,§}+ 51(2,151}+ £ (2,-1,1r+ E {2, -1/3,3)+
. -t
féiﬁ, FAE, 5+ ES g S S Eéikqif"*3}+ E?i2,2§81+ EE(E“ 1.8 +
Slii,EiE,EE + S (1,273,353 21C > ZR (1,2,11+ ER (1,134
i 2
o (1,473,353 + Z., (1,273,354 ., {1,-1GS5, 31+ T (1,1073, 3+
Ko R ; : R B, i
= 4 5 &
Te (1.-2/3, 3145 (1.4/3,35)+ Zh (1,2,.81+ T ,-2.Er 0 4Z. (1,0.814
7 g g 10 i1
T, (3.0.1+ ZL I,-4535, 3+ z, te S 3+ xzf252,1?+ ¥y {2,1,10
| S, - .
i £ =
{312,55353}+ X g 2.1 5,3k zfsﬁ“fa,é}+ xéizﬁ—ﬁfaﬁé} +igi——» xié+
piﬁE,EKE,&E+ P2, ~175, 2+ {p —» pi}+ aixi,»453,3}+ L1, 475,38+
o,{1,2,8). Thera iz a natural constraint on some of these masses as
w2 noite that along wiih the left-right discreits symmetry {(=Paritvi, the
Eobimot ot L e . iy e SILEAY e _ \
Pati-Salam gauge symmetry BULZF x BUEr_» BUL4AY (= B, 5 G- T Q.7
L R C 22 20 2R
becomes a good symmebry ac soon as S0(140Y is restorsd for oz ﬁﬁ Since
the G .—multiplet {(1,3,1! < 45 has bsen absorbed as would-be Goldstons
hozons by the iperheavy  gaugs  bosons of  mass HU, itz  lefit-handed
counterpar {Z.1.1F o F_{Z,0,1F under BM must have mass M_ £ M.
i Fy 4
Similarly, ﬁT =< M“ since T, and the standard doublet are contsained
- o ad
irnn thes G-qé—multzple% 12.2,1) of the Higos representation (0.81so the



B ,~multiplet ¥ {(Z3.1,15F o £ {Z,0,8) and the parity-resitoration for

L

oz M, restricts M =M Mo = M .For the sake of simplicity we take
i ZL e u
i i

all the superheavy scalars transforming non—trivially under SU(E}L

ar EUéEER of 8224 to be degenerate in maEEEE:ﬁleﬁA =< HU, HR‘= HA =< HU,
i L i. R
M. =M_ =M, M =_ =M, M =M, =M ,MH =", H =Mn ,
LE; e U ZLi L L £ Xy X X5 x =H ©
M— = #M-. It may be noted that the masses M,, M , M- , M and M- need
P 2 X T x f o

i

not necessarily be lighter than M Including the scalar contributions

U

we obtain Aln{MU/M?)%

1 , _ e
““ggg"[ b6y ~bémy + Génp + 18n; = 48ng +612n,

1 Z

2

1

34877&&"13’27)g ~&&n81~&6n5ﬂ+ SBBQZL— 1&2 2R~é2nX~62n£ +&énp+ &én; "127001

M
- £y 1 ==, . -
-12 -2 —_— 22 - &n,.— 2n -
120, ‘4””01] and Al“[ M_| &7z T e s s e Mo

-~ -t

2n—] —48¢ - 73 {3 - s = = . s
ﬁnp] 4SmnF1+ 174nF2 44WAL+ 1044 4838n2L+ o8 anZR+ 1 aa(nx+nx}+

3

3u4(ng +n0 )+ 348nﬁ }. The superheavy degenerate gauge bosons of mass

-y -
1 o t

v

H 3 H
] contribute sgually to the matching fun:tiana,xJ = AE = A

1 1 - % = g, thus

the constant terms cancel out from the threshold sffects on MU and M_.

g

In the degensrate case n,;=m = -1n? { n = +InR is not allowed becauss

of parity-restoration constraint 7 and this gives

M P

Alm (M, /M_)=-0.0175 1ng, azn[—ﬁf]= +0.85 1ng3 and Ao . = 0.212 -3.462 1ing,

-
s

H ¥ i Ty —_—
— 5= 10" E My o 10792 L 39.05-12  with
H( HUD G

L. 24 . .
Tp/T; =1d for f=10. In the nondegenerate case,maximal increass

leading to

10



i ~ 1 185 7 = =y = =i} Y =7 = = = =n_ =N. =
nzﬁ=nx=n£= noi=ngq=n01=~1nﬁ and np1=np?=np?=inﬁ. Similarly maximal

. . . . o1 _ =0 . _ _ o =p—=—1ing
decrease in HU or TP implies nﬁg—nzﬁ o, 7N . ‘FianﬁLwnEE_np—np -

&
1 I

2

and nT1=nT?=nFﬁ=nf=n81=n5?=nl=n§=nﬁ =7 =ng.=1nﬁ, Table I1 represents

threshold effects on the mass scales and o for value of 73 =110

o e

and the corresponding effects on T figain for a factor of 100 mass

spliting among the superheavy-scalar components{(3=10) under the parity

. . . . . . tFi.h
restaration constraint the maximal increase in Tp is found o be 10

and this makes the model accessible to experimental test within  the

o

uperkamiokande limit.

The right-handed HMaijorana neuatrino mass  in the S50{10d

. . . 10 s .
model is m,, » {(O.1—13M . The usual sse-saw  Tormula with appropriste

N

. . . 11 . . . .
radiative corvections ™ is  found to wisld neglia 2 contribution as

[iu)
ot
o
o

compared to the induced mass of the lefi-handed neutrines arising aut

of the diagram shown in Fig 2. whesre (2,11 <« 10 is the standard
doublet and AL{E.i,iS and Aﬁii,*i,l§ originate fTrom  the Eripleis
contained 1in the Higgs repressnistion 124 of BO0{14:. The inducsd
. _‘2 -
.. . . . . = - e P . .
contribution twns ocut to be m =A hia¢ > aARG;an {i=@,u,7!.Ass5uming
ol
i L

that the same Yukawa coupling is responsible for the massss of =211
particle in a given generation of farmions we usad hi{¢ = om for the

mass of the up-guark g, of ith generation {i=e,u.73, and the guartic

. . . . . . A Lk e
Higgs coupling Ax~il. We then obitzin m, =t 2010 T ZE.5xi0 roey,
=]

—& L2 , -2

my ={ T.5xi0 — F.5x1i0 eV and m =1 7 ox 10 T— 7} e¥. Thus

o T

a.d HU =< HA = 0.2 ”V is compatible with adiabatic soiutions whereas

i

fou
s
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i, >~ M is already consistent with nonadiabatic solutions for

AL i
2 2 , . .
Am = imv ~me) necessary  for the solar neutrino flux using the MSW
“ -
mechanism. The values of m, 1-7 eV needsd for the interpretation of
T

the dark matter of the universe are also possible faor HA ~ (01— O.E}Hﬁ.

L

The investigations carried out in this short communication
shaows that the presence of a real [ {(3,0,8) scalar in the grand desert
which we call a colowurful bleoom, can ensure complete agresment of the

SU(SY and BO(10) model predictions with the LEP datz and proion

h

lifetime.In sddition even for s resonably high choice of a3 factor 100

mass spliting among the superheavy Higgs-—scalar components, the mazimal

1

pradictions on rﬂ can be probed by low—esnerqy experiments, thus rulin
out  the model or testifying iis consistency. In the EB0(10} model, ths
predicted wvalus of neutring masses are found to be consistent with

adiabatic or nonadiabatic sclutions toc the sclar neutrino flux using

the MSW mechanism. HWhile m prediction fulfils the reguirement of the
T

cosmological dark matisy of the universs. it present the accepted ranos

) . .2 12 . -
of Fecoei-Guinn symeetry breaking scale Hpgz 19 e 10 GeV.Excluding

thraeshold esffects in both the GUTs,or including the effect for the

ot

degsnarate or non—degensrate superheavy scalars in BU{SY, ar the

degensrate case in B0{1dr, the predicted value of ﬁf is well within

this range. Howsver only in the non—degenerate case of S0{14), the

. s =
thraeshold 2+

(3

~t= might permii ﬁr to be outside this ranoe.

HWe have thus found the most s2conomic but a2 very interesting
af the blooming grand desert models which could be embedded in popular
GliTs with iust one additional finetuning of parameters. The ({(3,0,.81-—

mass is so high that its direct esxperimental signature does not seem

~

s



ta be possible in near fTuture. The most interesting low—energy
signatures of the model are experimentally testable proton decay and

small neutring masses needed for solar nsutrino flux and cosmology-
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Table

1

S

Table Captions

Threshold effects on the mass scales ﬁu and Hf for
different factors of mass splitting among the superheavy
scalar components in the BUI{SY SUT. The Ffirst row (DD

reprasents values for the degensrate case.
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Figure Captions

Evolution of the fhreese inverse gauge couplings in the model
where the slope changes correspond to M = 10

4
the unification at M = 107 GeV.

Feynman diagram for the induced Majorana mass of  the

left-handed neutrinoc.
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