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The standard matter-fermions and Higgses of the 27 representation of Ea can be put ir~ SU(5 ) representatior~s in three distinct 
ways yielding, the Georgi-Glashow SU (5), the recently revived, and superstring related, flipped SU (5) × U ( I ) a model, and a 
new, possib!y suaers.:ring reIated, SU (5) × U ( i )v× U( i )~ model with unique features. The gauge symmet*3, is broken down tc 
SU(3)c×SU(2iL×U(!)~ with Higgses in the 10+~+1  +1 representation of SU(5). The mode", exhibits a natural triplet- 
doublet splitting. Neutrinos can obtain a phenomenoiogicalty acceptable radiative Dirae bass. 

While the number  of  compactif ied and four-di- 
mensional  string theories [ 1,2,3 ] is increasing, it is 
stili difficult to single out a string theory, and a re- 
lated to it gauge field theory, that has the desired phe- 
nomenologica! properties.  In the recent superstring 
inspired G U T  literature however, new models  such 
as the flipped S U ( 5 ) X U ( 1 )  G U T  [4,5] have ap- 
peared with unique features interesting in them- 
selves. For example, a common  property  of  the 
observable sector in fieId theory models  that  result 
f rom superstrings is the absence of  any adjoint  
Higgses. Another  feature is the appearance of  extra 
U ( 1 ) gauge group factors [ 6 ]. These features have 
initiated effo..~s starting f rom the beginning and con- 
structing new G U T  models  with these propert ies that  
may be obtainable f rom a string theory. The purpose 
of  this article is to construct and analyze a new ad- 
jointless N =  1 supersymmetr ic  S U ( 5 )  model  which 
exhibits some unique and interesting properties° 

It is a c o m m o n  fact that  the s tandard fermions and 
Higgses can be accommodated  in the 27 representa- 
tion of  E~ together with the right-handed neutrino, an 
addit ionai pair  of  down-quarks and an addit ional 
singlet. Under  the maximal  subgroup 
SO (10)  × U ( I ) a the 27 is decomposed  as 

2 7 = ( 1 6 ,  I ) + ( 1 0 , - 2 ) + ( 1 , 4 ) .  ( i )  

Further,  under the maximal  subgroup 
SU (5) X U ( i ) x of  SO (10),  these represemations are 
decomposed  as 

:~7= [ ( 1 0 , - I ,  I ) + ( K  3, t ) + ( L - 5 ~  ~)j  

+ [ ( $ , - 2 , - 2 ) + ( 5 , 2 , - 2 ) ] + [ ( t ,  0 , 4 ) ] .  (2)  

~n SU (5)  X U ( 1 )xX U ( 1 )~2 there exist three distinct 
ways to define the hypercharge and obtain the correct 
assignments for the standard fermions and Higgses. 
The simplest case is that of  the Georg i -Glashow 
S U ( 5 )  in which U ( 1 )xX U ( t )~ does not contribute 
to the hypercharge and U ( 1 ) ~ is contained entirely 
in SU (5) .  The second distinct possibility is that of  
the "f l ipped"  S U ( 5 )  × U (  ! )x in which U(  i ) r  is a 
combinat ion of  U ( 1 ) x  and a U ( 1 ) z  subgroup of  
SU (5) .  There is however  a third possibility in which 
both U (  1 )x and U(  ! )~ part icipate in the definition 
of  the hypercharge. In that  case one gets a new 
S U ( 5 )  × U (  I ) x × U (  ! )~ model  quite different f rom 
the previous cases. In order to compare  the differ- 
ences of  the three models  k is worthwhiie listing the 
field content of  the matter  representations in the three 
cases 

( i ) Y= ~ Z (Georg i -Glashow SU ( 5 ) ): 

Q \ /DO~ 

( 1 , - 5 ,  I ) = N  ~ (K - 2 ,  - 2 ) = ~ H  / 

(5, 2 , - 2 ) = ( B  ~, (,, o, 4)=N. (3) 
\ 1 -1 /  
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(ii)  Y= - ½X- ~oZ (flipped SU(5  ) ): 

( 1 0 , - 1 ,  I ) =  D~Nc ,  (g, 3 , 1 ) =  , 

( 1 , - 5 , 1 ) = E  ¢, ( ' , - 2 , - 2 ) = ( t B t ~ )  , 

(5, 2 , - 2 ) = ( B ) ,  (1, 0, 4 ) = N .  (4)  

(iii) Y= { s'2 + ~o X -  ~ Z (doubly-flipped SU ( 5 ) ): 

) Q . ~ ( 1 0 , - l ,  1 = ( B E N ) ,  ~c(~, 3 , 1 ) = ( D : ) ,  

J Z ~ ( L - 5 ,  I ) = N  ~, ~ ¢ ( ~ , - 2 , - 2 ) =  , 

2 ' (5,  2 , - 2 ) = ( B ) ,  g~(1, 0, 4 ) = E  = . (5)  

We have denoted with Z the U ( 1 ) generator belong- 
ing to SU (5) .  The quantum number assignments of 
the eleven Q, Bt. .  fields are listed in table 1. 

It is evident that the S U ( 5 ) × U ( I ) x X U ( I ) a  
model is distinct from flipped SU(5)  since the 
S U ( 3 ) c X S U ( 2 ) L X U ( I  ) r content of 5's is differ- 
ent. The allowed flippings Bq--,D °, L ~ H ,  N,--,N ° do 
not alter the fact that colour triplets of  charge ½ are 
together with hypercharge + ½ isodoublets. The model 
is characterized by some unique features. 

(i)  Left-handed leptons and right-handed up- 
quarks belong to the 10 representation of  SO (10) .  

22 September 1988 

(ii) The right-handed electron is an SO (10) singlet. 
(iii) Left-handed quarks, right-handed down- 

quarks and right-handed neutrinos belong to the 16 
representation of  SO (10) as usually. 

( iv)  Higgs isodoublets of  hypercharge + ½ belong 
to the 16 representation while those of  hypercharge 
- ½ belong to the 10 representation. 

The superfield content of a supersymmetric 
SU(5)  × U (  1 ) x × U (  1 )sa G U T  except the gauge vec- 
tor supermultiplet includes NF chirai matter  super- 
fields ~, N~, Jv '~, ~'~, £g, gc with the quantum number 
assignments shown in (5).  These are exactly the 
building blocks of  NF copies of  the 27 representation 
of  E6. In addition we introduce two pairs of  massless 
Higgs chiral superfields in the (10, - I, 1 ) + (I0,  1, 
- 1 )  and in the (1, - 5 ,  1 ) + ( 1 ,  5, - 1 )  repre- 
sentations 

.~H(IO, - i ,  1) +~r~(lO, I, - 1 )  

(&)+ 
X ~ ( 1 ,  - 5 , 1 )  + J ~  (1, 5, - 1) = N ~  + N ~ ,  (6)  

whose expectation value in the D-flat direction 
<NH>=<lqn> ,  < N ~ > = < N ~ >  breaks S U ( 5 ) ×  
U(  1 ) x × U (  1 ) a to  SU (3)c  × S U ( 2 ) c ×  U ( 1 ) r ~l. QH, 

~t The absense of the vacuum expectation vaiue <N~ > = (lq~ > 
would result in an SU(3)cxSU(2)LxU( I ) y×U( 1 ) y model. 
characterized by an additional light neutral gauge boson. 

Table ! 
U( 1 ) quantum numbers of matter particles in SU(5) models. 

SU (3)c× SU(2)LXU ( 1 )~ SU(5) 

Z X 

SU(5) XU(1 )x SU(5) ×U(I ) ,xU(  1 )~2 

Q(3,2, {) 1 - I  I 
D"(~, L t) 2 3 i 
U~(~, 1, - ] )  - 4  -1 1 
L(1, 2, -~)  -3  3 t 
E~(1,1, !) 6 - 1  1 
Ne(1,1, 0) 0 -5  1 
H(1, 2, -½) -3  --2 - 2  
W(1,2, ½) 3 2 -2  
B(3,1,-½) -2  2 -2  
B~(] ,  1, ½) 2 - 2  - 2  
N(1,1,0) 0 0 4 

1 - 1  1 l - 1  1 
- 4  1 1 2 3 1 

2 3 I 2 - 2  - 2  
- 3  3 I 3 2 - 2  

0 -5  I 0 0 4 
6 -1  1 0 - 5  1 

- 2  - 3  - 2  - 2  3 2 
-3  - 2  - 2  -3  3 t 
- 2  2 - 2  - 2  2 - 2  

2 - 2  - 2  - 4  -1 1 
0 0 4 6 -1 1 

177 
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0 ,  and two singlets, linear combinations o f N s ,  N~, 
Nh and N~, are absorbed while B~ and B~ and two 
other combinations of  sing, lets are left-over. 

Consider now the cubic superpotential ~ 

The first term of (7) 

g(u, d) (QDcH + QUcH~ + B¢D~U° + NHH ¢ ) (8) 

is responsible for up-and down-quark masses. The fact 
that bo~h up-and down-quark masses result from a 
common coupling is a unique feature of this model 
sot  shared by the other SU (5) modeIs, 

The second term of the superpotentml (7) 

g(v)  (LN~H°+ D~N~'B ) (9) 

is responsible for the neutrino Dirac mass. The fact 
that the Yukawa coupling responsib!e for the neu- 
trino Dirac mass is independent fi-om the other Yu- 
kawa couplings makes it technically possible, although 
not neccessarily appealing, to have Dirac neutrinos 
light as required by phenomenology by adjusting g(v)  
to a small value. We shall come back later to the prob- 
lem of the neutrino mass and shown how it cap, be 
naturally solved through a modification of the model. 

The third term in (7) 

g(e)  (LHE¢ + BU°E =) (10) 

is respor~sible for charged lepton masses. 
Finally, the last term 

g ( H )  ( Q Q ,  B+ Q B ~ L + W Q H L  

+B~NaB + N B h B )  (I  t ) 

leads to a superheavy mass for the B and B ~ fields 

go(H) ( N H )  BTB,., (12) 

Thus all baryon number violating couplings present 
in ( 8 ), (9) and ( !0 ) become harmless due to the su- 
permassiveness o r b  and W. Apart from ~he nov: y o u  
crucial terms ~ a~d &&2~,  ~he discrete symme- 
tW imposed forbids a dangerous term ~u ~° #~z° which 
contains a superheavy mass ( N , )  H,H~ for the Higgs 

#2 This is !he most general under the disere,:e Ze×Z2 symmetw 

• f ~ ,  

isodoubletso This term would spoil the lightness of the 
Higgs isodoubletso R is also the main obstacle to a 
straightfo.*ward extenfion of the present model to an 
SO(10) X U (  I )~ GUT. 

The model as it stands, below ( , N H ) =  ( N ~ )  
(N,~)  = (N-.~) -~Mx contains 2V~ quarks and lep- 
rous as well as NF pairs of Higgs isodoublets, in ad- 
dition, except the two Higgs singlets, i. +. contains Nr 
massless singlets Ni and o~,e pair of massiess coiour 
triplets B~ and B~. Masses for this additional set of 
fields would be absent even when supersymmetry is 
broken unless we consider new interactions. These 
could arise eith.er from a gauge single* sector or a 
massive Higgs sector. The model can be extended to 
include N~ massive gauge singlet superfields q),.( 1, 0, 
0) and two pairs of  massive superfields ~3 

+ o'¢~(K - 2 ,  - 2 ) +  ~¢--~ (5, 2, 2) 

The superpotential now will include the terms ~4 

The first term ir~ ( i 3 ) 

f ( B q ) h ~ +  QOH~ + NNuq~) ( I~)  

provides us with a Dirac mass term S ~ { N , ) N , %  
which combines with the ~erm M,~ , .~ j  and gives 
masses of  order M { / M  for N ,  

Another important function of the same coupling 
is that it can generate through radiative corrections 
masses for the Bh and t)h fields as shown in fig, i. A 
lower mass limit on this mass is imposed from the, in 
general, family changing coupling Q,L~B~ that can 
induce operators bvO~, ~ u a ,  etc. with interesting 
phenomenologicai signatures. 

u~ N..ote that all fieIds belong to comple~.e or incomplete 27 and 
27 resp. of E6. 

~ The triiinear part is the most general under the exte,:sion of 
the first Z~ discrete symmet~' ~ ,  ~ ~ - ~ ,  - ~ .  

#~ it is natural to assume that M, M~ are of the order of the Plaack 
mass' O( 10 '~ GeV). Similarly, couplings to extra singlets X, 
~ ~uX+.,f~~.]~Z car* re~der t!',e surviving Higgs singiets i~ 
3a, o~., ,,V~ and ,/f~, massive. 



Volume 212, number 2 PHYSICS LETTERS B 22 September 1988 

Fig. 1. Radiative mass of B5 and l]~. 

The other terms in ( 13 ), apart from the irrelevant 
B~D~U ~, B~D~U~, l ]hI)hO~,  QD~HH . . . .  etc, 
include 

2: <N~ )H:H~ +2}<N~ >HeHH 

+ ~ < Ir, l~ ) IriS. IrlH + M(H~ iZI~ + HH ICtH). (15) 

Thus, one combination, namely AM~ and ).}H~, of 
Higgs isodoublets become massive of an intermedi- 
ate mass. This is evident from the Higgs isodoublet 
mass matrix which is (roughly) 

M M~ 

in a £H~, Hm IZI~ and 2}H7, H~ IzIn basis. The eigen- 
values of the mass matrix (16) are approximately 

M, - M ,  o ( m ~ / m  a) . (17) 

It is important that the introduced couplings to the 
massive Higgses make one combination of Higgs iso- 
doublets heavy. To many light Higgs isodoublets de- 
stroy the predicted value of the electroweak mixing 
angle. 

As we mentioned previously, neutrinos can obtain 
a direct Dirac mass from the coupling g ( v ) L W N  ¢ 
which is unrelated to any other Yukawa coupling and 
therefore it would be technically possible to adjust it 
to a phenomenologically acceptable value. Neverthe- 
less this is not theoretically satisfactory. It is possible 
to have the standard neutrino mass term L ~ ¢ Y  ° for- 
bidden, and therefore the direct neutrino mass term 
absent, due to the properties of W~ under the im- 
posed dis~zrete symmetry. Thus, if we had ~e~__,j¢'¢ 
~+'~ -~ - ~:~,  under Z~, no tree-level neutrino mass is 
present. However, the neutrino field would still be 

able to couple to ~ through the, now allowed, term 
~ W ~ = L H ~ N % B D ~ N  ~. No vacuum expecta- 
tion value for H~ is possible since it is superheavy 
and consequently still no tree-level mass for the neu- 
trino is present. Nevertheless, radiative corrections 
through the diagrams shown in fig. 2 generate a nat- 
urally small neutrino Dirac mass in agreement with 
phenomenology [ 7 ]. 

The model as it stands now contains Nv light fam- 
ilies of quarks and leptons, and pair of light B~ and 
B~, ( N v -  1 ) pairs of light Higgs isodoublets and one 
pair of intermediate-mass Higgs isodoublets. The rest 
of  the fields are massive below Mx. The renormali- 
zation group analysis of  the model gives sin20w in 
agreement with current experimental values for a 
range of values of the parameter 

~ =  [ ~ '  (Mx) + ~ a a ' ( M x )  1 -~ , (18) 

where oe~? and a~  are the couplings of the normal- 
ized ,6 U(  1 )x and U( 1 )s~. The values obtained for 
NF= 3 are shown in table 2,7. Most of  the favorable 
values for the mixing angle however occur for o~ val- 
ues for which o ~ ( M x ) > a s ( M x )  and "E6 unifica- 
tion" is excluded. SO(10) X U ( 1 ) ~  unification is 
possible for specific choices of ax  and a~.  It all de- 
pends of course on the particle content above Mx. 

Summarizing, we have proposed and analysed an 

~6 We introduce the normalized (for the 27 representation of E~ ) 
U(1) generators 2= (.f~9~ )Z, )7=(v'Q~--~o)X, ( ] = ~  (TrZ ~ 
=Tr X2=Tr g]~=2) and consequently ax= ~ax, c~a = ~c~o, 
c~z = ~oaz and Y= 3~+ x/-~X'- ~ 2 .  Then, according to ref. 

~7 We have used ~Xs=0.I3, ce=1/128. We have assumed that 
M= 10 ' s GeV and that the mass of the intermediate scale iso- 
doublet pair is M~/M 2 in accordance with ( 17 ). 

Fig. 2. Radiative neutrino mass. 
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Table 2 
Values for the sin2Ow(Mw), Mx and c~(Mx ). 

&-~ sin20w Mx (GeV) a~ 

26 0.237 7.30× !0 ~ 5.38 × 10 -2 
28 0.234 2.75× 1016 5.47× t0 -~ 
30 0.232 1.04× I0 ~6 5.57× I0 -~ 
32 0.230 3.90×10 ~ 5.56×10-: 
34 0.227 !.47 × 10 ~ 5.77× 10 -2 
36 0.225 5.53X10 ~4 5.87Xi0 -2 
38 0,222 2.08× 10 ~4 5°98× i0 - :  

[3] 

ad jo in t less  S U ( 5 )  × U ( I  ) x × U ( l  )a  m o d e l  which  

m a y  be ob ta inab le  f r o m  a str ing theory  and  which  ex- [4] 

h i n t s  a set o f  a t t r ac t ive  proper t ies ,  It  has a na tu ra l  

t r iplet  doub le t  mass  spli t t ing,  i t  leads to p h e n o m e -  [51 
nologica l ly  accep tab le  va lues  for  sina0w and  it pre-  

dicts  na tura l ly  l ight neut r inos ,  

[61 
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