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ABSTRACT 

We study the N = 1 supergravity theory within the left-right symmet- 

ric model, based on the gauge symmetry sum x sum x U(~)B-L, when 

the parity-odd singlet field is added, in addition to the minimal set of Higgs 

fields. This model allows for a vacuum solution with the hierarchy ratio q = 

(rn~~/rn~~) > 1. Also, the gravitino mass is likely to set the scale of mw, 

rather than the one of mwR. These features of the presented model should be 

contrasted with the results of the left-right symmetric model with the minimal 

set of Higgs fields, where q < O(10) and the gravitino mass naturally sets the 

scale of mwR. 
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1. INTRODUCTION -- 

Models with N = 1 supergravity (SG) coupled to the Maxwell-Yang-Mills 

gauge interactionslV2 provide an attractive linkage, though not a true unifi- 
Y - - 

cation of gravity with the other forces of nature. These models are attrac- - - 
tive, because they provide an elegant way of breaking of local supersymme- 

try (SS) spontaneously. 3’4 That can lead to the realistic low energy models’ 

with new interesting physics at an energy scale much smaller than the Planck 

mass (Mpl). Realistic models based on the “left-handed” electroweak symrne- 

try SU(2),5 x U(1) h ave been presented. The striking aspect of these models is 

a scenario 5’6where the “left-handed” electro-weak symmetry (sum x U(l),) 

breaking is driven by the soft SS breaking terms. These terms arise when local 

SS is spontaneously broken and are proportional to the gravitino mass, m3i2, so 

that the gravitino mass sets the mass scale of WL(mw=). 

In the previous publication’ we examined the consequences which arise when 

constraints of N = 1 SG are imposed on the minimal left-right (L-R) symmetric 

model based on the gauge group G = sum x Sum x U(~)B-L* and the 

minimal set of Higgs fields which were necessary for exhibiting the fermionic 

masses and the realistic spontaneous symmetry breaking (SSB) pattern. We 

chose the set of Higgs superfields with the following transformation properties: 

X 
x: x; = [ 1 - (2,2,0) 
xi x; - N 

(14 

AIL=(L:,&L;-)-(3,1,-2) &R= (@d&q->- (l&-2) (lb) NN NN 

A2~ = (IL;+&&)--(3,1,2) -1~ =(R,++,R,+,@)- (1,3,2) - NN (lc) NN 
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It turned out that in this case constraints of N = 1 SG shed a new light on 

the origin of mw, and mwR masses. We were forced to derive rnwL radiatively as 

a consequence of quantum corrections to the tree level Higgs potential (TLHP) 

while the magnitude of rnwR was determined already a5 theTLHP. Thus m3i2 
- 

sets the scale of mwR rather than that of rnw&. In addition, constraints of 

N = 1 SG do not permit, barring unnatural fine tuning of parameters, a maxi- 

hierarchy, i.e., q s (mwR/mwL) -+ 00. In contrast, they impose an upper bound: 

v < (2 to 6) (z2/g2)‘/’ = O(10). Here g is the gauge coupling constant for 

SU(2),5,R. Thus, the realistic minimal L-R symmetric model within N = 1 SG 

necessarily calls for a mini-hierarchy. 

Motivated by those results we would like to extend the minimal model to the 

case where a maxi-hierarchy, i.e., Q > 1, would be a permissible solution. The 

most obvious extension of the minimal model would be the replacement of triplet 

fields A(1,2)(L,R) with doublet fields Hc~,~)L which transform under G as (2,1, -1) NN 
and (2,1, l), respectively and with H(r,z)R defined likewise. The superpotential NN 
would have permitted an additional term HFL~~~#JH~R + H&+*r2fizL which was 

not permitted in the case of triplet fields only. This new term breaks a rotational 

invariance in the space of the Ltype and R-type doublet fields, i.e., it is not of the 

form Hi + Hi. It turns out that in that case the desired vacuum solution with a 

maxi-hierarchy would have been permitted if in addition the inequality # # A4; 

for the mass parameters A4: and A4; of the type 1 and type 2 Higgs doublets 

would have been satisfied. Such an inequality however does not appear to emerge 

at the renormalization mass ~1 = O(mwR), because in a model without triplets 

there are no quantum corrections which would lead to a distinction between 

the parameters of the type 1 and type 2 Higgs fields via the renormalization 
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group equations (RGE’s). However, a model where triplets A(~J)(L,R) as well 

as doublets H(1,2)(L,R) are introduced might permit a maxi-hierarchy. In such a 

model the Higgs content would then be proliferated. The quantitative features 

of this model were not investigated ciosely. 
c - - 

- 

Another possibility would be to add an ordinary singlet field Y. In the 

superpotential, Y can couple, due to the L-R symmetry, only to the combination 

A:L~PL + f$RA2R of A(1,2)(L,R) fields which has a rotational invariance in the 

space of the L-type and R-type triplet fields. As it turns out, such a restrictive 

coupling does not permit a maxi-hierarchy and quantum corrections are again 

essential for obtaining a stable vacuum solution. 

An appealing possibility is an introduction of the so-called parity-odd singlet 

field u: 

u = (UO) - (l,l,O) . NN 

This field transforms as a singlet under the gauge group but changes sign under 

the L * R transformation. This in turn implies that cr couples in the superpo- 

tential only to the linear combination (ArLA2~ - ArR&~) of A(r,i)(r,~) fields. 

Such a coupling breaks a rotational invariance in the space of the Ltype and the 

R-type triplet fields an thus has a potential to yield new qualitative features of 

the model. 



2. THE MODEL 

In the following we shall investigate the SSB pattern of the model with the 

parity odd singlet (Id) added to the minimal set of Higg_s fields, (la, lb, lc). 

One seeks the following pattern of vacuum expectation values (VEV’s) for 

the scalar components of the Higgs chiral superfields: 

@,L> = (ho,o) 3 @2R> = @2>0,0) w 

(a,~> = (Wit) 9 t&R) = KWJ1) (24 

(a) = u (24 

with the following hierarchy between VEV’s: 

&La) -c (x1,x2} -c {RI&) <a. (3) 

For simplicity we consider only the case with real positive VEV’s. The VEV 

pattern (2) with the hierarchy requirement (3) provides a desired breaking of 

the gauge symmetry consistent with the known phenomenology. In addition, 

VEV’s of the multiplet x give Dirac masses to fermions. We choose the fields 

AWL and AIR (i = 1,2) to be the triplet fields under the symmetries Sum and 

su(2)R, respectively. Thus, A~(L,R) fields give Majorana masses to neutrinos. 

Fs convenience of algebraic manipulation, we impose x2 < x1. This incidentally 

also restricts the WL - WR mixings. Constraint Q > {RI, R2) is only technical, 

so that we can obtain explicit expressions for the vacuum solution. 
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We assume the by-now familiar N = 1 SG coupled to the Maxwell-Yang- 

Mills interactions in which SS is spontaneously broken when the fields, which 

are singlets under the gauge group and belong to the so-called hidden sector, 384 

acquire VEV’s of order Ml$. This mechanism yields the f&owing restricted 
- 

form’ for the effective low energy TLHP which contains only the light scalar 

fields Zi: 

V = C ISi I2 + f C DZ + mf C lzi12 + m2 c Zigi + nag + h.c. 
> 

. (4 
i a i i 

Here gi = ag/aZi, Da = gaZ*‘(Ta){Zj, g is the superpotential, Z’a is the CY- 

th generator of the gauge group and g, is the associated couplings constant. 

Parameters ml,%,3 determine the soft SS breaking terms, and they depend on the 

VEV’s of the fields in the hidden sector. Mass ml is the gravitino mass m3i2 and 

masses m2,3 are of order ml. 

In our case the superpotential g consistent with the L-R gauge symmetry, 

renormalizability and SS has the following form:’ 

9 = 90 + 91 (54 

where 

gO=mA (ATLA~L+A%~R) 4-q@ (&(*72x) w 

91 = m,,u2 + Aa ATLA2~ - ATRA2~ ( > . (54 

Here gr contains the new terms in thesuperpotential, which arise when cr field is 

added. 
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We use the form (4) of the low energy N = 1 SG potential V. For the sake of 

future discussion we shall give V in the form which is obtained by substituting 

the Higgs field (1) by their VEV’s (2). Then V is of the following form: 

v-=vo+vl - - - (64 

with 

Vo = M,2(L; + R;) + M;(L; + @) - 2M,2(LlL2 + RlR2) PJ) 

+ 44(x: + xi) - %:x1x2 + D 

v, = Mu2 + M4u( L1 L2 - R1R2) + M5u(Lf + L; - R,2 -R,2) (64 

+ x2 [(L&J - RI&)’ + u2(L; + L; + Rf + R;)] . 

Here: 

Dz$ (ZL; - 2L; + xl - xi4,” + (2Rf - 2R; - xf +x;)” 

(7) 
+ q2(-2L; + 2L; + 2R; - 2R;)2 1 . 

Here q = g’/g where g and g’ are the gauge coupling constants for the SU(2),5R 

and U(~)B-I; groups, respectively. 

Mass parameters are defined as follows: 

M? =j+ mid-m: , Ml = -(2m2 + m3) mA 

4 =mf+4mi, P3 = -2(2m2 + m3) mx 

and 
M2 = 4rnE + m: + 2(2m2 + m3)m, , 

M4 = 2X(m, + am2 -k m3) , M5 = 2XmA . 

(84 

w 

The above parameters are determined at the renormalization mass ~1 = 0 (Mpt) 
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where SG is spontaneously broken. They evolve according to the RGE’s and 

need not be the same at p = O(mw,) where we are actually looking for our 

vacuum solution. In fact, the value of these parameters may change significantly 

because the renormalization mass ~1 ischanged by the large value from O(MpJ 

td O(mwi). -- 

From (6) we see that V possesses new features compared to potential Vi 

of the minimal model; V is at most quadratic in u field, and it contains new 

trilinear terms for A(1,2)(~,~) and u fields which break the rotational invariance 

in the space of the Ltype and R-type triplet fields. This is again suggesting that 

one is dealing with a physically different system. 

We obtain the extremum solution consistent with hierarchy (3) already at 

the TLHP by solving the extremum equations in the following two steps: 

(i) First we assume Ml z M2 which is actually the case at p = O(Mp0. 

This implies a solution R1 = R2 z R # 0, u = uo # 0, and L1,2 = 0, x1,2 = 0. 

At this stage SU(2),5 x U(l)r remains unbroken. 

(ii) Then we evaluate small derivations from solution (i) in terms of small 

nonzero parameters (Mf - Mt)/Mf and pf/Mf < 1 which induce 

O# IRf- R212 /Rt < 1 and in turn 0 # x:,~/R~ < 1. 

In the leading order, the explicit expessions for the extremum solution are of 

the following form: 

u = uo + 6u ) R1,2 = R + 6R1,2 (94 

&=R’x 
Mf-M; - p: [ 4(1+ q2)+ &$ + 2(2A4g‘rq 

2M; + M4u + 2 [(l + 2q2)g2 + X2] R2 9 x2 = 3 xl (gb) 
1 

L1 = L2 = 0 PC> 
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with 

00 = @hi5 + M4) - [(2M5 + h44)2 - 16A2(M; - M;)]“2 
4x2 

4X9@ 1 
F - 

- --’ ’ + (2M5 + M4)2 - 16X2(jV; - M,2) (104 

R2 = M21(2h5 + M4) - [@MS + M4)2 - 16x2(@ - M,;)]1/2} 

2A2[(2Ms + M4)2 - 16X2(M; - I@]‘/2 
(lob) 

60 -= R2(M; - M,2) 
00 2~7; M2 

6R1+ JR2 
R = 

(M2 + 2X2R2)R2(M; - Mf) 
2~7; M” 

w 

(104 

6R1 - JR2 Ml--Mf+2p; 
R = 2M; + M4uo + 2[(1+ 2q2)g2 + X2]R2 ’ (104 

The obtained extremum solution satisfied hierarchy (3) which is determined in 

terms of the small parameters (MF - Ml)/Mf and pi/M;. The requirement 

0 # I@ - Ml 1 /MF < 1 calls for nonzero Majorana coupling 0 # hM < 1. 

This comes about as follows. At JL = 0 (Mpl) one has Mf E Mt (see Eq. (8a)). 

However, due to the RGE’s these two masses do differ from each other at mw,, 

where in fact we are looking for a desired vacuum solution. This is because 

only A~(L,R), but not A~,(L,R) can have Majorana Yukawa type interaction with 

chiral matter superfields $i N (2,1, -1) and $i - (1,2,1) whose fermionic NN 
components are leptons. Then the ivolution of (Mf - Mt)/Mf is governed in 

the leading approximation only by the coupling hM and one obtains the above 

e&mate for hM. 

One the other hand, in contrast to the minimal model,’ no large Dirac 

coupling hD is needed which would assure JL~ < Mf at mwR. This requirement 
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can be satisfied already at the TLHP by the initial choice of parameters in the 

superpotential, i.e., mx < mA. Parameters M, M4, M5 and x must also satisfy 

hierarchical constraints, e.g., one can choose M < 0 (M4) = 0 (M5) = 0 (AM:) 

and X = O(g). T - - 

- ‘Additional constraints on the parameters come from the minimization of the 

potential. It is interesting to notice that the constraints for a local minimum of 

the Higgs potential can be satisfied already at the TLHP without introducing 

quantum corrections of the Coleman-Weinberg type. This is again different form 

the minimal model. Namely, in this model the parity odd nature of the singlet 

field u assures that in the superpotential the couplings of the fields R1,2 with one 

power of the field u have the opposite sign from the couplings of the fields LQ 

fields with one power of the field u. This in turn favors the situation where the 

solution with R1,2 # 0 and Ll,z = 0 and therefore q >> 0 is the preferred solution 

already at the TLHP. 

For the sake of completeness, we shall state the relevant constraints for the 

local minimum of the potential: 

P:, I& Mf, (M,2 - M:), (2Msao + 2M,2), (2&i + M4) > 0 (114 

M5uo + Mf + A2u; + [2g2(1 + q2) + A”] R2 > 0 w 

(M + 2X2R2)(2X2 - g2) R2 - 9 > 0 W) 

Mf-M,2 - j&f 
4x2 

4(1+ q2) + - 
g2 

+ 2(2@ + M4o) 

g2R2 1 > o . (114 
Constraints (11) can be all satisfied for an appropriate choice of the TLHP pa- 

rameter. Thus, one has a vacuum solution satisfying maxi-hierarchy (3) already 
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at the TLHP, but the algebraic expressions for the VEV’s (see Eqs. (9,lO)) and 

constraints on the parameters of the TLHP (see Eq. (11)) are complicated. How- 

ever, if one imposes the additional hierarchical requirement u > R, the following 
Y- - m 

simplified constraints among the mass parameters of the superpotential g (see - 
Eq. (5)) and the mass parameters of the soft SS breaking terms is obtained: 

2 (z>“” > (EL)‘24 (ELy’ (124 

which in turn leads to the following inequalities: 

mb >> mAmu > m: >> ml , ml = O(ml,m2) . w 

We see that when u >> R one has a constraint rnA > m,, i.e., the hierarchy be- 

tween these two mass parameters is reversed compared to the hierarchy between 

the corresponding VEV’s. This is another peculiar feature of the TLHP (6). 

The hierarchical constraint u > R also enables us to express the vacuum 

solution in the following, more transparent way: 

mA 
u=x9 

Xl x2 

(134 

w 

LI = L2 = 0 (134 

and consequently the hierarchy ratio q becomes: 

The obtained vacuum solution therefore leads to a maxi-hierarchy which de- 

pends only on the hierarchy (12) between the free mass parameters of the TLHP. 
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In addition, the gravitino mass need not set the scale for the mass of WR. From 

Eqs. (12) and (13) we see that it is likely that the gravitino mass sets the scale 

for the mass of WL, because mwL iZ 0 (g/Aml). 
Y - - 

- 
3. CONCLUSIONS 

The introduction of the parity-odd singlet fields in the N = 1 SG theory 

within the L-R symmetric model allows for a scenario which is qualitatively 

different from the one’ with the minimal set of Higgs fields. The nature of the 

TLHP is now drastically changed due to the new couplings of the singlet with 

the Ltype and R-type triplet superfields. This amounts to the following new 

features: 

(i) There are more than one free parameter in the theory. These parameters 

set the scale for the VEV’s of the different fields. The gravitino mass is likely to 

set the scale for the mass of WL rather than the mass of WR. 

(ii) The hierarchical vacuum solution can be insured already at the TLHP 

and no substantial quantum corrections are needed, except the ones which induce 

Mf # Mi via the RGE’s. 

(iii) The hierarchy ratio r) does not have an upper bound and depends on the 

free parameters of the TLHP. In this case the maxi-hierarchy can emerge but an 

underlying understanding of its origin cannot be gained. 

Both scenarios proposed with the parity-odd singlet as well as without it are 

realistic in the sense that none of them contradicts observation. However, nature 

has to decide whether the existence of the parity odd singlet is relevant for the 

real world. 

12 



ACKNOWLEDGEMENTS 

I would like to thank Professor Jogesh C. Pati for encouragement and useful 

discussions during the progress of this work. 
- - 

c _ - 

13 



REFERENCES 

1. E. Cremmer, B. Julia, J. Scherk, S. Ferrara, L. Girardello and P. van 

Nieuwenhuizen, Phys. Lett. m, 231 (1978): Nucl. Phys. B147, 105 

(2979); E. Cremmer, S. Ferrara, L. Girardello and A. Van Proeyen, Phys. 

Lett. 116B, 231 (1982); Nucl. Phys. B212, 413 (1983). 

2. For reviews, see: J. Ellis-Cern Preprint TH.3802 (1984); H. E. Haber and 

G. L. Kane-University of Michigan Preprint UM-HE-TH-83-17 (1984); 

H. P. Nilles-Physics Reports llOC, 1 (1984); D. V. Nanopoulos-CERN 

Preprint TH.3995 (1984). 

3. J. Polonyi, Budapest preprint (1977). 

4. A. H. Chamseddine, R. Arnowitt, and P. Nath, preprint NUB No. 2579 

(1983); L. Hall, J. Lykken, and S. Weinberg, Phys. Rev. m, 2359 (1983). 

5. L. Alvarez-GaumC, J. Polchinski and M. B. Wise , Nucl. Phys. B221, 499 

(1983); J. Ellis, D. V. Nanopoulos, and K. Tamvakis, Phys. Lett. 121B, 

123 (1983); L. E. lbbiiez and C. Lopez, Phys. Lett. 126B, 94 (1983) and 

CERN preprint TH-2650 (1983) ; L. lbdfiez, Madrid preprint FTUAM/83/4 

(1983); C. Kounnas, A. Lahanas, D. Nanopoulos, and M. Quiros, Phys. 

Lett. 132B, 95 (1983). 

6. For a review on the Sum x U(1) breaking in the N = 1 supergravity 

models, see: J. Polchinski, Proceedings of the 4th Workshop on Grand 

Unification (1983). 

- 7. M. CvetiE and J. C. Pati, Phys. Lett. 135B, 57 (1984). 

8. J. C. Pati and A. Salam, Phys. Rev. m, 275 (1974); R. N. Mohapatra 

and J. C. Pati, Phys. Rev. m, 566 and 2558 (1975); G. SenjanoviC and 

14 



R. N. Mohapatra, Phys. Rev. m, 1502 (1975). 

9. Squarks and sleptons should also be included in the superpotential. We 

omitted them in the discussion of the TLHP because their VEV’s should < - 

- be identically zero. 

10. Note that the parity-odd singlet has been introduced” in the non-super- 

symmetric SU(10) grand unified theory. The RGE’s permit in this case an 

interesting SSB pattern with a low mass for WR. 

11. D. Chang, M. Parida, and R. N. Mohapatra, Phys. Rev. Lett. 52, 1072 

(1984). 

15 


