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Vanishing corrections on an intermediate scale and implications for unification of forces
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In a two-step breaking of a class of grand unified theories includingSO(10), we prove a theorem showing
that the scale (MI), where the Pati-Salam gauge symmetry with parity breaks down to the standard gauge
group, has vanishing corrections due to all sources emerging from higher scales (m.MI) such as the one-loop
and all higher-loop effects, the grand unified theory threshold, gravitational smearing, and string threshold
effects. The implications of such a scale for the unification of gauge couplings with small Majorana neutrino
masses are discussed. In string inspiredSO(10), we show thatMI.531012 GeV, needed for neutrino masses,
with the GUT scaleMU.Mstr , can be realized provided certain particle states in the predicted spectrum are
light. @S0556-2821~98!01701-9#

PACS number~s!: 12.10.Dm, 12.60.Jv
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I. INTRODUCTION

Grand unified theories~GUTs! based upon supersymme
ric ~SUSY! SU(5), SO(10), non-SUSYSO(10) with inter-
mediate symmetries, and those inspired by superstrings
been the subject of considerable interest over recent year
order to solve the strongCP problem through the Pecce
Quinn mechanism and achieve the small neutrino masse@1#
necessary to understand the solar neutrino flux@2# and/or the
dark matter of the universe, an intermediate scale seem
be essential@3#. Such a scale might correspond to the spo
taneous breaking of gaugedB-L contained in intermediate
gauge symmetries such asSU(2)L3SU(2)R3U(1)B-L

3SU(3)C([G2213) and SU(2)L3SU(2)R3SU(4)C

([G224) with @3–6# or without @7# parity, or even others
such asSU(2)L3U(1)I 3R

3SU(4)C and SU(2)L3U(1)I 3R

3U(1)B-L3SU(3)C . But it is well known that the predic-
tions of a grand unified theory are more@8# or less @6,9#
uncertain predominantly due to threshold@10# and gravita-
tional smearing effects@11,12# originating from higher di-
mensional operators. The uncertainty in the intermed
scale prediction naturally leads to theoretical uncertaintie
the neutrino mass predictions through the seesaw me
nism. Therefore, an intermediate scale, stable against t
retical uncertainties, would be most welcome from the po
of more accurate predictions on neutrino masses.

Another problem in SUSY GUTs having a supergra
desert is the requirement ofas(MZ)>0.12 to achieve unifi-
cation atMU.231016 GeV. Even though the problem i
alleviated by unknown GUT threshold and gravitational c
rections@13#, realization of a natural grand unification sca
MU.Mstr.5.63gstr31017 GeV requires the presence o
some lighter string states which could be the extra ga
bosons or Higgs scalars of a unifying symmetry, exotic v
torlike quarks and leptons with nonconventional hypercha
assignments@14–16#, or a SU(3)C octet and weakSU(2)
triplet in the adjoint representation of the standard ga
group@17#. But, in the absence of an intermediate symme
the neutrino mass predictions may fall short of the solar fl
requirements by two to three orders. Assuming bound
570556-2821/98/57~5!/2736~7!/$15.00
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conditions at the string scale to be different from a GU
boundary condition, attempts have been made to bring do
the values of intermediate scales relevant for larger neut
masses@18#.

The presence of aG224P intermediate gauge symmetry
having only two couplings form.MI , would always guar-
antee gauge unification, and a demonstration ofMI
.1012– 1014 GeV with MU.Mstr in SUSY inspiredSO(10)
would solve at least two of the major problems: the stri
scale unification withas(MZ).0.11 and neutrino masse
needed for solar neutrino flux.

It has been shown recently that in all GUTs whereG224P
breaks spontaneously at the highest intermediate scale
sin2 uW(MZ) prediction is unaffected by GUT threshold an
multiloop ~two-loop and higher! radiative corrections emerg
ing from higher mass scales@6#. As a single intermediate
symmetry is more desirable from a minimality consideratio
we confine to the singleG224P symmetry in two-step break
ings of all possible GUTs includingSO(10) and prove a
theorem showing that all higher-scale corrections to the
termediate scale (MI) prediction vanish. In SUSYSO(10)
inspired by superstrings @19#, we find that MI
.1012– 1014 GeV is possible withMU.Mstr , provided cer-
tain states in the predicted spectrum are light.

II. THEOREM ON VANISHING CORRECTIONS ON THE
INTERMEDIATE SCALE

We now state the following theorem and provide
proof.

Theorem. In all two-step breakings of grand unified the
ries, the mass scale(MI) corresponding to the spontaneou
breaking of the intermediate gauge symmetry SU(2)L
3SU(2)R3SU(4)C3P(g2L5g2R) has vanishing contribu-
tions due to every correction term emerging from high
scales(m.MI).

To prove the theorem we consider the two-loop break
pattern in SUSY or non-SUSY GUTs,

GUT→
MU

G224P→
MI

G213→
MZ

U~1!em3SU~3!C ,
2736 © 1998 The American Physical Society
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57 2737VANISHING CORRECTIONS ON AN INTERMEDIATE SCALE . . .
which may or may not originate from superstrings. Follo
ing the standard notation, we use the following renormali
tion group equations~RGEs! for the gauge couplings
a i(m)5gi

2(m)/4p:
MZ<m<MI

1

a i~MZ!
5

1

a i~MI !
1

ai

2p
ln

MI

MZ
1u i2D i , i 5Y,2L,3C

~2.1!

MI<m<MU

1

a i~MI !
5

1

a i~MU!
1

ai8

2p
ln

MU

MI
1u i82D i8 , i 52L,2R,4C

~2.2!

where D i includes threshold effects atm5MZ(D i
Z) due to

the top-quark and Yukawa couplings and superpartner
SUSY theories. It also includes threshold effects (D i

I) due to
heavy particles near the intermediate scale:

D i5D i
~Z!1D i

~ I ! , i 5Y,2L,3C ~2.3!
-
-

in

The second~third! term on the right-hand side of~2.1!, ~2.2!
is the usual one-loop~multiloop! contribution.

The GUT threshold (D i
U), gravitational corrections

(D i
NRO), or the string threshold effects (D i

str) when the
model is based upon string inspiredSO(10) @20# are con-
tained inD i8 :

D i85D i
U1D i

NRO1D i
str , i 52L,2R,4C. ~2.4!

In non-SUSY and SUSY GUTs, theD i
NRO may emerge from

higher dimensional operators scaled by the Planck mass@11#
leading to a nonrenormalizable Lagrangian

LNRO52
h~1!

2M pl
Tr~FmnfFmn!2

h~2!

2M pl
2 Tr~Fmnf2Fmn!

1••• , ~2.5!

whereM Pl5Planck mass, andf5Higgs field which is re-
sponsible for breaking the GUT symmetry toG224P . For
example, inSO(10), f554. These operators lead to th
modifications of the GUT-scale boundary conditions
gauge couplings,
a2L~MU!1~11e2L!5a2R~MU!~11e2R!5a4C~MU!~11e4C!5aG , ~2.6!

which imply

D i
NRO52

e i

aG
, i 52L,2R,4C, ~2.7!

whereaG5GUT coupling ande i are known functions of the parametersh ( i ), the vacuum expectation value off, MU , and
M Pl .

Using suitable combinations of gauge couplings and Eqs.~2.1!, ~2.2!, we obtain the following analytic formulas:

ln
MU

MZ
5

~LSBI2LuAI !

D
1

~JuBI2KuAI !

D
1

~KDAI2JDBI !

D
, ~2.8!

ln
MI

MZ
5

~LuAU2LSBU!

D
1

~KuAU2JuBU!

D
1

~JDBU2KDAU!

D
, ~2.9!

D5AUBI2AIBU , LS5
16p

3a~MZ! F a~MZ!

aS~MZ!
2

3

8G ,
Lu5

16p

3a~MZ! Fsin 2 uW~MZ!2
3

8G , ~2.10!

AU52a4C8 2a2L8 2a2R8 , BU5 5
3 a2L8 2a2R8 2 2

3 a4C8 , AI5
8
3 a3C2a2L2 5

3 aY2AU , BI5
5
3 ~a2L2aY!2BU,

Ju52p@u2L1 5
3 uY2 8

3 u3C1u2L8 1u2R8 22u4C8 #, Ku52p@ 5
3 ~uY2u2L!1u2R8 1 2

3 u4C8 2 5
3 u2L8 #,

JD52p@D2L1 5
3 DY2 8

3 D3C1D2L8 1D2R8 22D4C8 #, KD52p@ 5
3 ~DY2D2L!1D2L8 1 2

3 D4C8 2 5
3 D2L8 #. ~2.11!
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The first, second, and third terms on the right-hand s
~RHS! of ~2.8!, ~2.9! represent the one-loop, the multiloo
and the threshold effects, respectively. Each of these con
contributions originating from lower scalesm5MZ2MI ,
and higher scalesm5MI2MU . We now examine the con
tributions to ln(MI /MZ) term by term. In the presence of th
G224P gauge symmetry form>MI , a2L(m)5a2R(m). Then
Eq. ~2.2! gives

a2L8 5a2R8 , u2L8 5u2R8 , D2L8 5D2R8 ~2.12!

where theG224P symmetry implies

D2L
U 5D2R

U ,
~2.13!

D2L
NRO5D2R

NRO, D2L
str5D2R

str ,

The restoration of left-right discrete symmetry in the pre
ence ofSU(4)C in G224P plays a crucial role in giving rise to
a vanishing contribution due to every type of higher sc
corrections.

A. One-loop contributions

Using Eq.~2.12! we find thatBU andAU are proportional
to each other,
e

ins

-

e

BU5 2
3 ~a2L8 2a4C8 !52 1

3 AU , ~2.14!

D5 5
3 ~a2L2aY!AU2~ 8

3 a3C2a2L2 5
3 aY!BU ,

5
4AU

9
~3a2L12a3C25aY!. ~2.15!

Then BU or AU cancel out from the denominator and th
numerator of the one-loop term in Eq.~2.9! leading to

S ln
MI

MZ
D

one loop

5
12p

ad S sin2 uW2
1

2
1

1

3

a

aS
D ,

~2.16!

d53a2L12a3C25aY.

The fact thatai8 ( i 52L,2R,4C) are absent from Eq.~2.16!
demonstrates that the scaleMI is independent of the one
loop contribution to the gauge couplings emerging fro
higher scales,m5MI2MU . But these coefficients do no
cancel out from ln(MU /MZ), which assumes the form

ln
MU

MZ
5

12p

ad S sin2 uW2
1

2
1

a

3aS
D1X, ~2.17!
ny
X5
6p

ad Fa3CS 12
8

3
sin2 uWD1a2LS 5

3

a

aS
211sin2 uWD1

5

3
aYS sin2 uW2

a

aS
D G Y ~a4C8 2a2L8 !. ~2.18!

The first term on the RHS of Eq.~2.17! is the one-loop contribution in Eq.~2.16!.
We also note that for any standard weak doublet (H),

a3C
~H !50, 3a2L

~H !55aY
~H ! ,

which keeps the one-loop term in Eq.~2.16! unchanged. Thus, the scaleMI is predominantly unaffected by the presence of a
number of light doublets with masses,MI , degenerate or nondegenerate.

B. Two-loop and higher-loop effects

Using the second term in the RHS of Eqs.~2.9!, ~2.14!, and~2.15!, the coefficientsai8 and terms containingu i8 cancel out,
leading to

S ln
MI

MZ
D

multi loop

5
KuAU2JuBU

D
5

2p

d
~5uY23u2L22u3c! ~2.19!

showing that all multiloop contributions to the gauge couplings originating fromm5MI2MU are absent in ln(MI /MZ). But
these multiloop effects do not cancel out from the unification mass,

S ln
MU

MZ
D

multi loop

5S ln
MI

MZ
D

multi loop

1Xu , ~2.20!

where the first term on the RHS of Eq.~2.20! is the same as in Eq.~2.19!,

Xu5
9p

4d~a4C8 2a2L8 !
F H 5

3 S u2L1
5

3
uY2

8

3
u3CD1

10

3
~u2L8 2u4C8 !J ~a2L2aY!

2S 8

3
a3C2a2L2

5

3
aYD H 5

3
~uY2u2L!1

2

3
~u4C8 2u2L8 !J G . ~2.21!
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C. Threshold effects

Including threshold effects atm5MZ , MI , andMU , we
separateJD andKD into three different parts,

JD5JD
U1JD

I 1JD
Z ,

KD5KD
U1KD

I 1KD
Z ,

where

JD
U52p~D2L

U 1D2R
U 22D4C

U !,

JD
i 52p~D2L

i 1 5
3 DY

i 2 8
3 D3C

i !, i 5I ,Z,

KD
U52p~D2R

U 1 2
3 D4C

U 2 5
3 D2L

U !,

KD
i 5

10p

3
~DY

i 2D2L
i !, i 5I ,Z. ~2.22!

Using the parity restoration constraint gives

KD
U5

4p

3
~D4C

U 2D2L
U !52

1

3
JD

U

ha
n

r
s
e

-

and

JD
UBU2KD

UAU50. ~2.23!

Using Eq.~2.23! in the third term in Eq.~2.9! gives

S ln
MI

MZ
D

threshold

52
9

4d S KD
I 1

JD
I

3
1KD

Z1
JD

Z

3 D .

~2.24!

Thus, it is clear that the would-be dominant source of unc
tainty due to GUT-threshold effects has vanished fro
ln(MI /MZ) which contains contributions from only lowe
thresholds atm5MZ and m5MI . But the GUT-threshold
contributions do not cancel out from ln(MU /MZ) which has
the form

S ln
MU

MZ
D

threshold

5S ln
MI

MZ
D

threshold

1XD , ~2.25!

where
XD52p
~D4C

U 2D2L
U !

~a4C8 2a2L8 !
1

9

4d F ~KD
I 1KD

Z !S 8

3
a3C2a2L2

5

3
aYD2

5

3
~JD

I 1JD
Z !~a2L2aY!G Y ~a4C8 2a2L8 !. ~2.26!
ing
or

op
ber

of

ar

ny

.

ent
-

D. Gravitational smearing and string threshold effects

In the presence of left-right discrete symmetry inG224P ,
D2L

NRO5D2R
NRO andD2L

str5D2R
str . The analysis of II C holds true

in these cases also leading to

JD
NROBU2KD

NROAU50,

JD
strBUY2KD

strAU50,

S ln
MI

MZ
D

p

50, p5NRO, string

S ln
MU

MZ
D

NRO

5
2p

aG

~e2L2e4C!

~a4C8 2a2L8 !
,

S ln
MU

MZ
D

str

52p
~D4C

str2D2L
str!

~a4C8 2a2L8 !
. ~2.27!

Thus, the theorem is proved, demonstrating explicitly t
ln(MI /MZ) does not have any modification due to correctio
to the gauge coupling constants at higher scales fom
.MI . When the Higgs scalars, fermions, or gauge boson
the full G224P representations are taken into account, th
contributions to ln(MI /MZ) vanish exactly. The origin behind
all cancellations is theG224P symmetry and the relation be
tween the gauge couplings,
t
s

of
ir

1

aY~m!
5

3

5

1

a2L~m!
1

2

5

1

a4C~m!
, m>MI .

Since no specific particle content has been used in prov
the vanishing corrections, the theorem holds true with
without SUSY and also in superstring based models.

Another stability criterion ofMI with respect to contribu-
tions from lower scale corrections is that, up to one-lo
level, it remains unchanged by the presence of any num
of light weak doublets having masses fromMZ to MI .

The other byproduct of this analysis is on the stability
MU with respect to 16H116H pairs. In all correction terms
for ln(MU /MZ), the higher scale one-loop coefficients appe
in the combinationa4C8 2a2L8 . We note that for any 16H ~or
16H!,

~a4C8 !16H
5~a2L8 !16H

,

which keeps the value ofa4C8 2a2L8 unaltered. Thus, the
value of MU is almost unaffected by the presence of a
number of pairs of 16H % 16H betweenm5MI2MGUT . This
has relevance for SUSYSO(10) and string inspired models

III. PREDICTIONS IN NON-SUSY SO„10…

The stability of MI in non-SUSY SO(10), under the
variation ofh (1) in Eq. ~2.5! was demonstrated in Ref.@21#
by accurate numerical estimation. According to the pres
theorem ln(MI /MZ) is not only independent of the five
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2740 57M. K. PARIDA
dimensional operator andh (1), but also of other higher di-
mensional operators in Eq.~2.5! and parameters arising from
the GUT scale. Similarly, the vanishing GUT threshold c
rection toMI , obtained in the accurate numerical evaluati
of Ref. @22#, is a part of the present theorem. Imposing t
parity restoration criteria form>MI @23#, the minimal non-
SUSY SO(10) with 54, 126, and 10 representations
sin2uW50.231660.0003, as(MZ)50.11860.007, and
a21(MZ)5127.960.1, predicts@21–23#,

MI51013.660.1620.4
10.5

GeV,

MU51015.0260.2560.4860.11~0.25! GeV,

where the first~second! uncertainties are due to those in th
input parameters~threshold effects!. In the case ofMI , the
threshold uncertainties are due to those atMZ andMI thresh-
olds only. The third uncertainty due to the five-dimension
operator in Eq.~2.5!, which is absent inMI , has been cal-
culated forh (1)565(610). In spite of the addition of a
number of extra126 and10 dimensional Higgs fields to
build a model for degenerate and seesaw contributions to
neutrino masses inSO(10) introducingSU(2)H horizontal
symmetry, the scaleMI , according to the present theorem,
identical to that in the minimal model with the same pred
tions on the nondegenerate neutrino masses@24#. The proton
lifetime predictions in the minimal model including the NR
contribution is

tp→e1p051.4431032.160.761.061.960.45~1.0! yr,

which might be testified by the next generation of expe
ments.

IV. INTERMEDIATE SCALE IN SUSY SO„10…

In the conventional SUSYSO(10) employing the Higgs
supermultiplets54, 16H % 16H , and10, in the usual fashion
it is impossible to achieveMI substantially lower thanMU .
When 126H % 126H are used instead of 16H % 16H , no inter-
mediate gauge group containingSU(4)C has been found to
be possible in Ref.@25#. But the possibilities of other inter
mediate gauge symmetries in string inspired SUSYSO(10)
including G2213(g2LÞg2R) have been demonstrated@25,26#
by using extra lightG2213 submultiplets not needed for spon
taneous symmetry breaking, but predicted to be existing
the spectrum@19#.

In the present analysis, in addition to the usual54 with all
components at the GUT scale, the pair 16H116H with de-
sired components atG224P breaking scale, and the bidoubl
f(2,2,1),10 nearMZ while ~2,2,6! is at MU , we examine
the effects of other components in45, or in 16H116H not
absorbed by intermediate scale gauge bosons, being lig
and having masses between 1 TeV–MI .

The adjoint representation45 contains the left-hande
triplet sL(3,1,1), the right-handed tripletsR(1,3,1), and
also s (C)(1,1,15) underG224P . Under the standard gaug
group,sR ands (C) decompose as

sR~1,3,1!5sR
~1 !~1,1,1!1sR

~2 !~1,21,1!1sR
~0!~1,0,1!
-

l

he

-

-

in

ter

s~C!~1,1,15!5s3
~C!~1,2

3 ,3!1s
3̄

~C!
~1,2 2

3 ,3̄!1s8
~C!~1,0,8!

1sS
~C!~1,0,1!.

The representation 16H contains theG224P submultiplets
x (L)(2,1,4) andx (R)(1,2,4̄) and the latter decomposes und
standard model gauge group as

x~R!~1,2,4̄!5x1
~R!~1,21,1!1xS

~R!~1,0,1!1x
3̄

~R!
~1,2 2

3 ,3̄!

1x
3̄

~R!8
~1,2 1

3 ,3̄!.

To make the model simpler, we assume some of these lig
components from45 or the pair 16H % 16H to be either at
MC.1 TeV while others are atMI . In that case all the equa
tions for ln(MI /MZ) and ln(MU /MZ) derived in Sec. II hold
with the replacements

ln
MI

MZ
→ ln

MI

MC
, ln

MU

MZ
→ ln

MU

MC
, u i→u i

C ,

a i→ai
c~ i 5Y,2L,3C! and d→dC

in Eqs.~2.15!, ~2.16!. In addition, there are contributions t
the mass scales due to evolutions fromMZ2MC . We
present them here only up to one loop. The two-loop, thre
old, and gravitational corrections will be estimated elsewh
@27#.

S ln
MI

MC
D

one- loop

5
12p

adC
S sin2uW2

1

2
1

a

3as
D2R ln

MC

MZ
,

S ln
MU

MC
D

one- loop

5S ln
MI

MC
D

one- loop

1XC1Y, ~4.1!

where

Y5
5

8dC~a4C8 2a2L8 !
@~a2L

C 2aY
C!~3a2L15aY828a3C!

2~a2L2aY!~3a2L
C 15aY8

C28a3C
C !#3 ln

MC

MZ
,

dC5d~ai→ai
c!53a2L

c 12a3C
c 25aY

c ,

XC5X~ai→ai
c!,

R5
d

dc
.

We find that when the components under the standard ga
group given in Table I are atMC.1 TeV, the intermediate
mass scaleMI5531012– 231014 GeV can be achieved
with MU5Mstr.631017 GeV. It has been emphasized th
the SU(3)C octet andSU(2)L weak triplet, being in the
standard model adjoint representation and continuous mo
of strings, have a natural justification to keep them light@17#.
In our cases6, s3 , s 3̄ , and s (c) belong to the adjoint
representations~1,3,1! and ~1,1,15! of G224, which in turn
are contained in the adjoint representation45,SO(10). One
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TABLE I. Predictions for mass scales in the string inspiredSO(10) model.

SM submultiplets
MZ2MI

SM submultiplets
MC2MI

G224P submultiplets
MI2MU ai

c ai8
MI

~GeV!
MU

~GeV!

fu ,fd

sR
6 ,s3 ,s 3̄ sL ,sR ,sc, S 47

5

1
22

D S72D 1012.5 1017.6or xL ,xR ,x̄L ,

sR
6 ,x3 ,x 3̄ x̄R ,f

fu ,fd
x1 ,x3 ,x 3̄ ,

x38
xL ,xR ,x̄L ,

x̄R ,f S 42
5

1

2
3
2

D S 5
22D 1014.3 1017.8
o

on

r

se
f.
r
s
li

-
e
r

eu
nd

t

al

e
n
a
-

,
ce
ls

-
ro

r-

e
uc
ed
n
e
e-
in
u

-

cts

ym-
rec-

the

or-
ef-
cts
n-
ve

and

ton

ni-

in
b-
-
her

-
SY

jan-
n-
a-
lly
of a
ci-
set of our solutions in Table I corresponds to the first three
them being as light asMC.1 TeV while the fourth compo-
nent, theSU(3)C octet component insc(1,1,15), is atMI .
We have also found a completely different type of soluti
where theSU(2)R triplet components andx3% x 3̄,16H

116H , but not absorbed bySU(4)C gauge bosons, are nea
1 TeV. In that case all the components insc(1,1,15) are at
MI . The neutrinos acquire small Majorana masses by a
saw mechanism using aSO(10) singlets as explained in Re
@26#. None of the lighter scalar degrees of freedom nea
TeV are needed to acquire vacuum expectation values a
spontaneous symmetry breakings of gauge symmetries
SO(10), G224P , andG213 occur following the standard pro
cedure through the vacuum expectation values of w
known scalar components which are neutral under the
sidual gauge groups.

The left-handed neutrinos acquire small Majorana n
trino masses via a seesaw mechanism where the right-ha
neutrino massMN , rather thenMI , occurs in the seesaw
formula, in both SUSY@26# and non-SUSY theories. Bu
sinceMN is of the same order asMI with MN<MI in a large
class of models, the right-handed Majorana mass is
made correspondingly uncertain wheneverMI is affected by
larger uncertainties, especially due to the GUT-threshold
fects with nondegenerate components of scalar represe
tions @8# and gravitational effects due to higher dimension
operators@12,21#. This occurs in models where parity is bro
ken at the GUT scale, butG224 or G2213 with g2LÞg2R @8#,
or evenSU(2)L3U(1)R3SU(4)C([G214) @29#, breaks at
the intermediate scale. WithG2213P at the intermediate scale
these corrections do not vanish, although they are redu
But in theSO(10) and other GUTs, or string inspired mode
with G224P ~but notG2213P! surviving down to the interme
diate scale, all major sources of uncertainties emerging f
higher-scale corrections are absent inMI and, therefore, cor-
respondingly inMN , even though the latter is still undete
mined within one order of magnitude belowMI . It is to be
emphasized that in such models, the order-of-magnitude
timation of right-handed Majorana neutrino masses are m
more accurate as compared to other models with interm
ate scales. Consequently, the left-handed–Majora
neutrino-mass prediction is more precise in these mod
Further it is not true that imposition of the left-right symm
try at the intermediate scale always leads to vanish
higher-scale corrections. The vanishing correction occ
only in the presence of the left-right symmetricG224P gauge
symmetry form.MI . Mohapatara@30# has proved a theo
f

e-
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ed
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ta-
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d.

m
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rem on vanishing corrections due to GUT-threshold effe
originating from degenerate components ofSO(10) Higgs
representations in the presence of other types of gauge s
metry. The present theorem emphasizes vanishing cor
tions due to all sources emerging fromm.MI in the pres-
ence ofG224P only.

V. SUMMARY AND CONCLUSIONS

We have shown that all higher-scale corrections on
intermediate-scale prediction (MI), corresponding to the
G224P gauge symmetry breaking, vanish exactly. Such c
rections are due to one-loop, two-loop, and higher-loop
fects, GUT-threshold, and gravitational smearing effe
originating from higher-dimensional operators. In string i
spired SUSY GUTs, the string-loop threshold effects ha
also vanishing contributions toMI . In non-SUSYSO(10)
models, the intermediate scale has been predicted earlier
we emphasize thatMI.1013.6 GeV is quite stable leading to
more precise neutrino mass predictions. The predicted pro
lifetime can be testified by future experiments. TheG224P
symmetry having only two gauge couplings guarantees u
fication, but the problem in SUSYSO(10) is the realization
of MI!MU . We find solutions to this problem withMI
.531012– 231014 GeV and MU.Mstr.631017 GeV
provided certain states in the adjoint representation45
and/or 16H116H have masses near 1 TeV. The light states
16H116H may emerge naturally from the modes not a
sorbed by heavySU(2)R3SU(4)C gauge bosons. String
scale unification might be possible in the case of anot
intermediate symmetry, such asG2213, with parity broken at
the GUT scale, when the submultipletsc(1,1,0,8) is at the
intermediate scale@28#; but only in the present case ofG224P
intermediate symmetry, the scaleMI has all higher-scale cor
rections vanishing and neutrino mass predictions in SU
SO(10) are expected to be more precise.
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