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ABSTRACT

The neutral current sector of a class of supersymmetric
SU(2) x U(1) x ﬁ(i) mbaels is parametrized. Bounds on the&neutraI
~ boson masses are obtained ffom the low eneréy,data, and the
implicatiqns of future experimental fiﬁdings for these models

are discussed.
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In some models with spontaneously broken supersymmetry, a new ﬁ(l)
gauge symmetry is introduced to give 1argé masses t6~the unseen scalar
partners Qf leptons and quafks {1, 21. 'In addition to the requirements
on theoretical consistenéy such as the cofrect vacuum structure and M
anomaly-freedom, model-building of this sort is subject tobphenomeno- {j
logical constraints, as the modifiéd neutral cﬁrreht structure may
spoil the succéss of the standard model.
It is the purpose of this paper to perform the same type of pheno-
menological‘énalysis on a class of supersymmetric SU(2) xVU(l) X ﬁ(l)
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 scatfering, electron-nucléon interactions, and
elgctrdnfpositron annihilation.
Any supérsymmetric ﬁ(l) model with a realistic mass spectrum
should poésess thé folldwing minimum features:
(D The.axial part of the ﬁ(l) charge of a 4-component fermion is
>greéter in magnitu&e than its vector part. This allows the fermion to
be lighter thén.béth of its scalar partners.
(II) There are at least two Higgs isodoublets acquiring non—zéro VEV's

. to give mass to both charge 2 and - Quarks through Yukawa terms

3 3
at the tree level.

A simple supersymmetric generalization of the standard model par-. =

("
ticle assignment satisfies (I); left-handed matter supermultiplets con- . ‘
U N. ’ /
. 1L —_— | L - .
sist of QL = (DL) m, UR’ DR’ LL (EL) s ER’ gll of whlcb have the
v, . .
same U(l) charge, % . Quarks. and charged leptons then have the identical,

Y
) N
purely axial ﬁ(l) charge, ;, and v has a V-A coupling, %-, to U(1).

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

feration of parameters, finds little theoretical motivation in most



,models, and is not considered here [Fi].
The simplest Higgs structure-satigfying (1D conéists of two Higgs
isodoublets ¢ and ¢ , whose U(l) charges are .%- and - %—,

and whose neutral components obtaln the same VEV, Thefﬁ(l) sector then
remains detached from SU(2)‘x‘U(1). It was observed.by Féyet [6], how-
evef; that given the fermionic %(1)3couplings‘outlined above, this mi-
nimal Higgs'structure leads to unaccepfaﬁie values for axial parameters
in neutrino scattering. |

We seek éﬁtension ofvthis minimal model‘in'two ways [F2]..First,

h

. _ 0

we allow mixing between U(1) and SU(2) x U(1) by having"<¢1> = ( > s
h 1

<> = ( 2) with h, #_hz in general. This defines the Minimal

0
Mixing Model (MMM) which is probably the most eéonomical.supersymmetric
ﬁ(l) model that can be made consistent with the present data. Secondly,
we allow Higgs fields ¢8 (i=1to N ) which are singlets under thé
‘ _ .
0

:standard.gauge group and have ﬁ(l) charges ;8., to. obtain VEV's, h
This is the situation often found in actual models [2]. We call the

class of models with both mixing and_¢8 the Extended Mixing Model (EMM).
Now we parametrize the neutral current sector of EMM, of which

. . ' . : 2 e s
‘MMM is a special case. The neutral gauge boson mass™ matrix is:

u u p
B W ¥
- 2 _‘ -
| g -8, ~—8g¢
2 _ 1 2 2 — 3
- S — ] : -
-gge gzge gt s

- 2
where g = 23¥, e =) - hD)y/mi+nd) -1+ z(??éhl)z/ﬁz(hz + 101,

and g, g,, g are the couplings and B“, wh ’ B" the boson fields asso-
o R2 3 ,
ciated with U(1l), SU(2), ﬂ(l), respectively.

The mass eigenstates are written as follows:



A cosf sind 0 - : BH
7H = -cosa sinf cosa cos® - sing v w% (2)
™ sing sind ~sina cos@ -~ cosa AN ;

where sin26‘= g2/ (g2 + gg) is the standard model mixing parameter,

' - , ) -1/2 — 2 2
© and cosza = %{];+ [1+4A e (1 - At)2 1 / } , A= gz/(g +8,). _ 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:

p , : :
| <N) =Z{l+at Q- A+ ae?/a- any2it?y (3)
2 2 2 2
: : -mz cos 6 s N m; cos 6 , 1.e., mass squared in units
‘where p = —5—— o= T : -
m m
W , w

B ' ' "
of the standard model Z mass squared. Notice that (1 -p)(1 -p) < O,
which satisfies the Georgi-Weinberg theorem [7], although its ﬁremise
is not met.

There are six independent. parameters for EMM: g, 89> E, h., b, t.

. Apart from ‘e = ggzl(gz + 83)1/2

1’ 72’
, GF = 1/[/§(hi + hg)], we choose to
work with the following four free paramefers:'ginze, as in the standard'

model, and A > O, jel i}; t > 1, which measure the relative strength

of‘the ﬁ(l) couplipg, the degree of mixing between the two masgive

neutral bosons, and the isosinglet Higgs contributionvto-boson masses,
respectively.

In order to compare.thé-predictions of these ﬁodélé'with the data, PN
we make use, as usual, of low energy model independent parameters [8] | ‘,
defined in the following processes.

(1) Néutrino interactions:
Lose = 775 ¥ 10~ vy Fr () + 5y9f,

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

A 9g¢ N2

eD . F 1-0-y)
—_— = m —— - [ a + T = - N b].
Q? 2072mt gy 1+ Q-

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

four parameters describing parity-violating electron-quark reactions,

but are not considered here.

The expressions for the following eight combinations of the abové'
model independent parameters have been derived in terms of the model

parameters, and listed in Table 1:

u_d ogou_d o ou g ud s b
gv gv’ B - gA = gA’ Y —gV + gv, é .-.‘ gA ng"':‘a’ c = a.+ 4

Also shown are the correspondingvstaqéard model expfessions, and the

data from various neutrino interactions and SLAC eD experiments.
We'noticevfrom Table 1 that A does not enter in;g Fhese expres-

sions, since they .are, in the zero momentum transfer iimit,.functions

of gz/mgz which is independent of E.‘ Information on the strength of-

: ") . - -
~ the U(1) coupling will come from e+e .——>u+u at PETRA energies.

- In fitting the modgl parameters sin26, e,.t. to data, we first
consider MMM:(t =1). That non-zero mixing is needed in this case as,
mentioned garlier is seen immediately qum the expressiqns for g: and
8 (the isoscalar axial coﬁpling);»for e= 0, they are moré ;han 4 o's
off. The other neutrino parameters (Vector, and isovector axial) and
the eD parameters in this non-mixing case are thetsame as in‘the stan-
aard model, since theve, u, d ﬁ(l)'neutral currents are purely axial.

It is.not‘a priori clear that there should exist‘a region in tﬁe
parametgr space consistenp with the dafa, since for no value of (A,

. 2 ;
sin 9, ¢) MMM reduces to the standard model. However, the best fit

- gives ¢ = —744,_ gin29'= .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.
The location of the best fit is not surprising, since force=‘l-% all
V parameters are reducedrtd their standard model expressions , and the
change in eD parameters is.compensated by a larger value‘fof sinze <
than in the standard model, as éeen in Fig. 1. This value of sinze ‘,
vméy not bé a ﬁrbblem in Qiew of the ébsence of a reéliétié supersymmet—
ric GUT including ﬁ(l). .
) If some isosinglet Higgs obtain VEV's (EMM), for large t the
étandard model ié asymptotically reco&ered, aé in médels where ;he
-scale of the 8(1) breaking.is made large compared to 0(100) GeV; The
best fit for EMM éaraﬁeters to d;ta gives. t of the order of a few
hundred, which éorrespondswto hé ~ h1,2‘x 0(10); unless N is large.
This value of t may seem too lafge in view pf the theoretical
prejudice regatding naturalness. Howevef, the valﬁé of t is very
 sensitive to dafé,'aﬁd_it turns out that the current data can be accom-
modated . for a wide range of t (including ¢t A 5) as well as or better
than in the standard mo&el. 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 range‘of € becomes
more restricted, which hasvimpligafions for the uﬁéer bound on the
lower boson mass.
Asﬂan iilustfation of these points,>we cpnsider the case where C
g = —-% for which all the v pargmeters are the same as in ﬁhe staﬁdard : ‘?
model, whereas eD parameterS'depend on an additional parameter t.

In this respect, this model resembles the model of Deshpande and

Iskandar J9]. Taking the one—paramétervfit to the v data frOm previous

+12.9
- 3.35

the best fit to SLAC eD data. Fig. 2 shows the senéitiﬁity of t to data.

analyses [8], sin29 ‘= ,239 + .010, we find t = 7,85 from
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Since e and p have axial ﬁ(l) charges, the exchange of a new

- gauge boson contributes to the forward-backward asymmetry (A”u) in

+ - + - :
M The interference terms between the photon and the

massive boson exchanges give, to lowest order,

AMY o 30 L+t+2)-0
32 sinze cosze _ t(l - o) -~ €2
og(l +e - a) 1 : o, %)
+ 7] 2 . 2
t(l-0)-¢" + [t -0) -€"]A- (0 -07)
) T
where o] ?-§—22%Ji-— .
w

The dependence on A 1is isolated in the sécond term in braces,
which is always positive for the CM energy (Vs) less ;hah‘the smaller
boson mass, inclﬁding whgre the above approximation is valid. The

minimum of |A"Y| (corresponding to A --> =) is larger than |[A"Y| in

the standard model for the same value of sinze. For the values of the

‘MMM parameters determined earlier, and for Vs = 34 GeV, (4) becomes

.005

U _ I A% = B . ) ‘ o
AT = -CUT + 0% - (3)

VWhile some experimental groups (CELLO [10], MARK J [11]) reported

data consistent with the standard model prediction, other groups (TASSO
[121, JADE [13]) find the asymmetry'éénsiderably more negative. In the

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

will have a lower bound. In the latter, if wé'take the TASSO data (

A" = —16 + .03), for example, the bounds on A are:

.29.< A < .61,.which corresponds to 43 GeV- < my < 53 GeV, and

85 GeV < m < 90 GeV. Fig. 3 shows the minimum lAuu| for MMM, along

with the data from various groups.

For EMM, any-appreciable'deviation (A) from the standard model pre-



_vdiction for.A.“u favors small t (<5). 'This is because for large t,

A~ EQ%EE; + —%-' . so that unless A is very small, A n -J%— .
t A

~which implies. that the current CM energy is very close to the lower
boson mass. Thﬁs the ‘version of EMM given before (e = --%),‘for exam-
ple,would be ruled out by the TASSO or JADE data. If small t is v

indeed preferred; large mixing (e) could put a nontrivial upper bound
' 2

n
on the lower boson mass, since p < 1 —,%— .

Thé‘contribution to (g —.2)/2 of the muon from the two neutral

bosons in EMM is given by:
2
mu GF 1

24/§:ﬁ2 t -

5 (a-= 4_sin26):t ;'5(1 +t-.2)]- . (6)
€ . _ : '

;1 For EMM no:usefﬁl b@un&>on t is obtéined;‘again beéause of the sen-
‘sitiVity df:t to experimeﬁfélkerrbrs; FerMMM, in a Qide range of €
inéludiﬁg the;bést fit fromkldw‘énergyvaata.quoted.earliéf, (6) is
'hofe;negativévaﬁd canceléﬁmgre'of‘the charged ‘weak éurrent cqntribution
(ﬁhiéh.hés"tﬁe Opposite'signshthén‘in thé sfaﬁdard:mbdel. Thus no useful

constraints on the model parameters are obtained from the current data

.. . for the muon anomalous magnetic moment.

» In_conclusion, the large mixing (both ¢ and sinze) required in

’MMM p1aces the upper bound of 74VGeV‘on-§he mass of the lighter boson.
:Depending-qn‘which‘efe—v-;> u*ﬁ- as&mmetry data we take , the predic-
tion for\the lower boson mass can be as low as 43 GeV. If a neutral L
boson does not turn up in the upcoming_ﬁg experiments until around i,
QO»QeV, 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 ()



would have to be small if a low-mass boson is not found. Onvthe other
hand, if the asymmetry is not large, EMM survives for a wide fange of

t , regardless of the location of the lightest boson.
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Fl: in fact,.therevare arguments suggesting that the écalar partners
of u and d (pairwise) [4], and also-of‘diffefent generation copies (5]
are‘aimost/degenerate'in mass. Théy,éupport in part the'minimal

fermionic structure considered here.

-F2:1-Faye; [6] considered isosihglgts and Véctof ferm@onic 3(1) coup-

lings, and made observations reievant to the casévwith no mixing, based

on the neutrino and eD data.



Table 1.

12

Model S
‘ N Standard MMM
Independen? SU(2) x U(l) x U(1) Model Dgta F8] | Best Fit
Parameters : v — R T, X
ev’ -%(l—l;x)—t-"-—eé—z’ -%—(1 - 4x)| .06 + .08 .09
N .. . | t - € . PEEN .
P ‘ . — ;
gA 1l .t= (1L +¢€)/2 1
| 2 T 2 .52 + .06 .| .45
t = e : DA AT
My (1 - 2ot tel2 1-2x | .589 + .067 | .396
N t t - € . L . :
8 S T eéz -1 [-.937 +.062 | -.967
t-e¢ ‘
Y 2, tHel2 =24 |-.273+ .081 ] -.190
3 2 3 ° 3
t-¢ ,
5 1/2+ e 0 |-.101 + .093 | -.074
t - ¢ :
a (1-20)t-¢ 1-2% | 60 + .16 .62
9 ) 9 s
. t -¢
a- 2_(9)") = 5 29 '
c : - e - - =x| .53 + .05 .57
1 t +e/3
+ (4 x) —5
- €
Note: x = sin26

‘j\

v

e
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FIGURE CAPTIONS

. Fig. 1: Regibns in the ¢ —sin26 plane coﬂéistent with datavfor v

scattering (I) and SLAC eD experiments (II). Thé best fit to MMM is
also shoﬁn._ |

Fig. 2: Tbe shaded- region ih the sinza-t plane is allowed by eD data
to within one.standard deviétion for EMM with ¢ = --% . The best fit
for t as 5 function of sinze is aiso shown.

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

the minimum |Auu|l Also shown are the data from various groups.
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