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ABSTRACT 

The neutral current sector. of a class of supersymmetric 

SU(2) x U (1) xU(l) models is parametrized. Bounds on the' neutral' 

boson masses are obtained from the low energy data, and the 

implications of future experimental findings for these models 

are discussed. 
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'" In some models with spontaneously broken supersymmetry, a new U(l) 

gauge symmetry is introduced to give large masses to the unseen scalar 

partners of leptons and quarks [1, 2]. In addition to the requirements 

on theoretical consistency such as the correct vacuum structure and 

anomaly-freedom, model-building of this sort is subject to phenomeno-

logical constraints, as the modified neutral current structure may 

spoil the success of the standard model. 

It is the purpose of this paper to perform the same type of pheno­

menological analysis on a class of supersymmetric SU(2) x U(l) x ~(1) 

models as the variously motivated multi-boson electroweak models of the 

past [3]. Bounds on the masses of the neutral bosons are obtained from 

the data for neutrino scattering, electron-nucleon interactions, and 

electron-positron annihilation. 

'" Any supersymmetric U(l) model with a realistic mass spectrum 

should possess the following minimum features: 

(I) '" The axial part of the U(l) charge of a 4-component fermion is 

greater in magnitude than its vector part. This allows the fermion to 

be lighter than both of its scalar partners. 

(II) There are at least two Higgs isodoublets acquiring non-zero VEV's 

to give mass to both charge 

at the tree level. 

2 
3 

and 1 
3 

quarks through Yukawa terms 

A 'simple supersymmetr:ic generalization of the standard model par-. 

tic1e assignment satisfies (I); left-handed matter supermultiplets con­

sist of Q = (U
L

) U- n- L = (NL) , ER, all of which have the 
'" L DL ",'" R' R' L EL 

same U'(1) charge, 1. Quarks .. and charged leptons then have the identical, 

'" purely axial D(l) charge, y, and v has a V-A coupling, 1 ' to D(l). 

Any extension of this minimal fermionic structure, leading to a pro1i-

feration of parameters, finds little theoretical motivation in most 

"', 
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,models, and is not considered here [FI]. 

The simplest Higgs structure· sati~fying (II) consists of two Higgs 

isodoublets<l>l and , whose U(l) charges are 1 
2 

and I 
-2' 

~i1d whose neutral components ob~ain the same VEV. Thel1(l) sector then 

remains detached from SU(2) x U(1). It was observed by Fayet [6], how­

ever, that given the fermionic 'i1 (1)· couplings outlined above, this mi-

nima1 Higgs structure leads to unacceptable values for axial parameters 

in neutrino scattering. 

We seek extension of this minimal model in two ways [F2]. First, 

we allow mixing between 11(1) and SU(2) x U(I) by having <0
1

> = (~ ) 

< °
2
> - ( :2) with hI" h2 in general. This defines the Minimal 

Mixing Model (MMM) which is probably the most economica1.supersymmetric 

l1(I) model that can be made consistent with the present data. Secondly, 

we allow Higgs fields (i = I to N ) which are singlets under thE! 

standard gauge group and have l1(I) charges 
~i i Yo' to obtain VEV's, hO • 

This is the situation often found in actual models [2]. We call the 

class of models with both mixing and <l>i the Extended Mixing Model (EMM). 
·0 

Now we parametrize the neutral current sector of EMM, of which 

MMM is a special case. 2 The neutral "gauge boson mass matrix is: 

B]..I W]..I 
3 

~ll 

2 g -gg2 -gge: 

M2 = 1: (h2 +' h2) 2 (1) 
4 I 2 -gg2 g2 g2ge: 

-2 .-/ 

-gge:' g2ge: g t 

where g t 

~ ]..I II and g, g2' g are the couplings and B , W3 ' ~]..I the boson fields asso-

ciated with U(l), SU(2), l1(I), respectively. 

The mass eigenstates are written as foliows: 
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sine 

s:m) '(~) (Z) 

cosa . ~ll " 

cosa cose 

-sina cose 

where sinZe = gZ/ (gZ + g;) is the standard model mixing parameter, 

and cos2a = ~{i+ [1 + 4A£Z/(1- At)Z ]-l/Z} , A = i}/(gZ + g;). 

One of the eigenvalues of the matrix (1) is of course zero, corres-

ponding to the photon, and the other two are given as follows: 

( ;) =. ~. {I + At + (1 -

Z Z 

(3) 

m cos e 
z where p = ---"'----

Z Z 
m'V cos e z , i.e., mass squared in units 

Z 
m 

w 

= 2 
m 

w 

'V 
of the standard model Z mass squared. Notice that (1 -p) (l-p) ~ 0, 

which satisfies the Georgi-Weinberg theorem [7], although its premise 

is not met. 

• 'V 
There are six 1ndependent.parameters for EMM: g, gz' g, hI' hZ' t. 

'" 2 2 1/2 M Z 2 Apart from e = gg2/(g + gZ) ,GF = 1/[v2(hl + h Z)]' we choose to 

work with the following four free parameters: sinZe, as in the standard 

model, and A ~ 0, 1£1 ~l, t ~ 1, which measure the relative strength 

of the (t(l) coupling, the degree of mixing between the two mas~ive 

neutral bosons, and the isosinglet Higgs contribution to boson masses, 

respectively. 

In order to compare the.predictions of these models with the data, 

we make use, as usual, of low energy model independent parameters [8] 

defined in the following processes. 

(i) Neutrino interactions: 

where f = e, u, or d. 
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(ii) Asynunetry (AeD) in electron-deuteron scattering: 

1 - .(1 _ y) 2 
[ a + - 2- b] •. 

i + (1 - y) 

Atomic experiments provide further, if not complete, information on the 

four parameters describing·parity-vio1ating electron-quark reactions, 

but are not- considered here. 

The expressions for the following eight combinations of the above 

model independent parameters have been derived in termS of the model 

parameters, and listed in Table 1: 

e e _ u d B _. u d y = gU + d ~ 
gv' gA' a = gv - gv, = gA - gA, - V ~V' u -

Also shown are the corresponding standard model expressions, and the 

data from various neutrino interactions and S_LAC eD experiments. 

b 
a + 4. 

~e notice from Table 1 that A does not enter into these expres­
..-1_ 

sions, since they _are, in the zero momentum transfer limit, functions 

~2/ 2 ~ of g m~ which.is independent ?f g. Information on the strength of 

~(. + - + -the D1) coupling will come from e e .-->~ ~ at PETRA energies. 

2 In fitting the mod~l parameters sin e, E, t to data, we first 

consider MMM (t 1). That non-zero mixing is needed in this case as, 

e mentioned earlier is seen inunediate1y from the expressions for gA and 

6 (the isosca1ar axial coupling); for E= 0, they are more than 40's 

off. The other neutrino parameters (v,ector, and isovector axial) and 

the eD parameters in this, non-mixing case are the same as in the stan­

~ 

dard model, since the e, u, d D(l) neutral currents are purely axial. 

It is not a priori clear that there should exist a region in the 

parameter space consistent with the data, since for no value of (A,. 

sin
2e, e:) MMM reduces to the standard mode1/. However, the best fit 

gives E = -.44, sin2e = .295, for which agreement with the data is good 
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for all the eight parameters, as shown in the last column of Table 1. 

1 The location of the best fit is not surprising, since for <e= '.l... all 
2 

'V parameters are reduced to their standard model expressions , and the 

change in eD parameters is compensated by a larger value for sin2e 

than in the standard model, as seen in Fig. 1. This value of sin
2e 

may not be a problem in view of the absence of a realistic supersymmet-

'V 
ric GUT including U(l). 

If some isosinglet Higgs obtain VEV's (EMM), for large t the 

standard model is asymptotically recovered, as in models where the 

'" - scale of the U(l) breaking. is made large compared to 0(100) GeV. The 

best fit for EMM parameters to data gives t of the order of a few 

hundred, which corresponds :to h~ tV h l ,2 x 0(10), unless N is large. 

This value of t may seem too large in view of the theoretical 

prejudice regarding naturalness. However; the value of t is very 

sensitive to data,' and it turns out that the current data can be accom-

modated for a wide range of t (including t 'V 5) as well as or better 

than in the standard model. The present experimental accuracy thus 

places virtually no useful constraint on the allowed range of t. It 

. should be noted that for smaller t the allowed rarige of e becomes 

more restricted, which has implications for the upper bound on the 

lower boson mass. 

As an illustration of these points, we consider the case where 

e = 1 for which all the 'V parameters are the in the standard -2 same as 

model, whereas eD parameters depend on an additional parameter t. 

In this respect, this 1Dodel reseinbles the model of Deshpande and 

Iskandar 19] . Taking the one-parameter fit to the 'V data ,hom p.revious 

analyses 18] , . 2e Sl.n ,.., .239 + .010 , we find t .. 7.85 + 12.9 from 3.35 

the best fit to SMe eD data. ;Fig. 2 shows the sensitivity of t to data. 

(I 

(, 
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Since e and II have axial tt(l) charges, the exchange of a new 

gauge boson contributes to the forward-backward asymmetry (Allll) i.n 

+- +-. e e --> lJ lJ The interference terms between the photon and the 

massive boson exchanges give, to lowest order, 

AlJll = 

where 

3 a 

+[a(l+e: 

t(l - a) 

2 
a) ] 

2 
- e: 

2 s cos e = ~-=-::--.::--
2 m 
w 

I (1 + t + 2E:) -2 a 

t(l - a) - £ 

1 (4) 

The dependence on A is isolated in the second term in braces, 

which is always positive for the CM energy (IS) less ~hanthe smaller 

boson mass, including where the above approximation is valid. The 

minimum of IAlJlll (corresponding to A --> co) is larger than IAlllJl in 

the standard model for the same value of sin2e. ~or the values of the 

MMM parameters determined earlier, arid for IS = 34 GeV, (4) becomes 

All II = (7 • 005 ) 
- .11 + A - .226 (5) 

While some experimental groups (CELLO [101, MARK J [11]) reported 

data consistent with the standard model prediction, other groups (TASSO 
. ' 

[12], JADE [13]) find the asymmetry considerably more negative. In the 

former case, the errors are not small enough to rule out MMM, and A 

will have a lower hound. In the latter, if we take the TASSO data ( 

Allll = -.16 + .03), for example, the bounds on A are: 

.29.< A < .61, which corresponds to 43 GeV< m'V < 53 GeV, and z -

85 GeV < m < 90 GeV. Fig. 3 shows the 1l1inimum IAl.Ill I for MMM. along 
z 

with the data from various groups. 

For EMM,anyappreciable deviation (6) from the standard model pre-
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dic tion for AlJlJ favors sma1l, t « 5) • This is· because for large t, 

A
', const. 

'V 2 
t /). 

+-!L 
t 

so that unless /). is very small, A '" 
a 
t 

which implies that the current eM energy is very close to the lower 

boson mass. 
1 . 

Thus the 'version of EMM given before (8 ~ - 2)' for exam-

pIe, would be ruled out by the TASSO or JADE data. If small t is 

indeed preferred, large mixing (£) could put a nontrivial upper bound 

'V 
on .the lowerposon mass, since p < 1 

2 
8 

t 

The contribution to (g - 2) /2 of the muon from the two neutral 

bosons in EMM is given by: 

2 
m}l GF 

24/2 ,..2 

1 2 ' 
~--::-2 [(1 ~ 4 sin e) t - 5(1 + t - 2£)] . 
t - 8 

(6) 

For EMM no useful bound on t is obtained, again because of the sen-

sitivity of t to experimental errors. For MMM, in a wide range of e 

intludi~g the best fit from low energy data quoted earlier, (6) is 

. more negative and cancels more of the charged weak current contribution 

(which has' the opposite sign) than in the standard model. Thus no useful 

constraints on the model parameters are obtained from the current data 

for the muon.anomalo-us.magnetic moment. 

In conclusion, the large mixing (both e and sin2
e) required in 

MMM places the upper bound of 74GeV on the mass of the lighter boson. 

+ -. +-Depending on which ,e e -->}l lJ asymmetry data we take , the predic-

tionfor the lower boson mass can be. as low as 43 GeV. If a neutral 

boson does not turn up in the upcoming pp experiments until around 

~o GeV, MMM is probably ruled out. 

As for.EMM, if,the asymmetry is indeed considerably larger than 

predicted in the standard model, the isosinglet contribution to the 

. boson mass does not dominate. This further implies that the mixing (e) 

;-, 
\ ' 

/ 
~, 
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would have to be small if a low-mass boson is not found. On the other 

hand, if the asymmetry is not large, EMM survives for a wide range of 

t , regardless of the location of the. lightest boson. 
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FOOTNOTES 

Fl: In fact, there are arg\Dllents suggesting that . the scalar partners 

of u and d (pairwise) [4], and also of different ge~eration copies [5] 

are almost idegenerate in mass. Tbeysupport in part the minimal 

fermionic structure considered here. 

F2:Fayet [6] considered isosinglets and vecto~ fermionic ~(1) coup­

lings, and made observations relevant to the case with no mixing, based 

on the neutrino and eD data. 



Table 1. 

Model 
Independent 
Pararnet~rs.. . 

e'.· 
gv . 

" 

" e 
gA." 

a ." 

, .. 

B 

y 

0 

a 

c 

Note: 

12 

'V 
SU(2) x U(l) x U(l) 

1 t + £/2 - -(1-4x) 
2 2 

t - e: 

1 ' t - (1 + e:}/2 
2 .. 

t £ 

, (1 t - 2x) 
t , 

t -
t 

2 t 
- - x 

3 
t 

1/2 + -
t -

(1 -~) 
9 

(1 - ~) 
9 

+ 
1 (4 -, x) 

. 2e x _ S1n 

2 

+.e:/2 
2 - e:, , 

+ e:/2 
2 - e: 

+ e:/2 
2 - e: 

e: 
2 

e: 

t - £ 
2 t - e: 

t - e: 
2 t - e:' 

t + e:/3 
2 

t - £ 

.. 

MMM Standard 
[ 8] Model Data 

Best Fit .-

1 
Ax) .06 + .08 .09 - -(1 -2 . -

'" .-

, 
1 
2 .52,+ .06 , .... , .45 ... - ,', 

"' 

1 - 2x .589 + .067 .396 -

-

-1 -.937 +.062 -.967 -

2 
- .273 + .081 - .190 .... - x 

3 . -

0 -.101 + .093 -.074 

1 
20 

.60 + .16 .62 - g-x -

5 29 
.53 + .05 .57 - --x 

4 9 -
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FIGURE CAPTIONS 

.Fig. 1: Regions in the e -sin2e plane consistent with data for v 

scattering (I) and SLAC eD experiments (II). The best fit to MMM is 

also shown. 

Fig. 2: The shaded-region in the sin2e-t plane is allowed by eD data 

to within 1 one standard deviation for EMM with e = - 2 . 

for t as a function of sin2e is also shown. 

The best fit 

Fig. 3: Predictions for the asymmetry in the standard model and in MMM. 

The shaded region is' allowed by MMM, and the .solid line corresponds .to 

h •• I Al-IlJ I' t e m~n~mum • Also shown are the data from various groups. 

, ' 
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