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SEARCHES FOR A NEW Z’' BOSON IN EP COLLISIONS AT LEP-LHC
F. Cornet and R. Ruckl

Deutsches Elektronen-Synchrotron DESY, Hamburg, Fed. Rep. of Germany

ABSTRACT

We study the prospects for detecting a new Z' boson in collisions of an electron or
positron beam of LEP with a proton beam of the LHC. It is assumed that the Z ! originates
from a broken Es symmetry as suggested by superstring phenomenology. Particular sensitive
tests would be provided by asymmetry measurements using longitudinally polarized et beams.
We present a detailed analysis of the deviations in neutral current asymmetries from the
Standard Model predictions for three specific models and estimate discovery limits for the
Z'.

1. INTRODUCTION

Many attempts to solve the puzzles of the standard SU(3)¢ x SU(2)r x U(1)y model
imply the existence of heavy vector bosons in addition to the observed W and Z bosons.
Well-known examples are Left-Right Symmetric and Composite Models. More recently, it
has been argued that extra neutral bosons may occur in the low energy limit of Superstring
Theories [1,2], a conjecture which can be tested in accelerator experiments. In the simplest
schemes of this kind one expects just one new Z' boson associated with an additional U(1)
gauge symmetry that may directly result from compactification of the heterotic Es x Ej
superstring at the Planck scale, or remain after further symmetry breaking at intermediate
scales. Although this possibility is very speculative, it represents an interesting case for
phenomenological studies. '

Adopting the superstring-inspired scenario Eg x B} — G[C E¢] 2 SU(3)¢ x SU(2)L x
U(l)y x U(1)y: and assuming the U(1)y: to be broken at a scale of O(1 TeV}, we have
investigated the prospects for the detection of the U(1)ys gauge boson Z "in ep collisions at
TeV energies. Current experimental limits [3] permit the existence of certain types of Z'

with masses as low as

mz > (110 — 150) GeV. (1)
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Yet, direct production and detection of the Z’ in the process ep — €Z'X seems to be difficult
even for such light masses. This follows from the relatively low cross-sections estimated for
the production of the standard Z in ep —» eZ X [4], and from the fact that the Z' is expected
to couple more weakly to the ordinary leptons and quarks than the Z. Since we want to
find out discovery limits for the Z’, we are mainly interested in heavier masses. Therefore,
we have concentrated on indirect searches for the Z' in the neutral current (NC) scattering
processes e¥p — et X. It turns out that the effects due to the Z’ in the inclusive NC cross-
sections are also difficult to observe because of large contributions from photon exchange
and the weak Z' couplings. The most sensitive tests seem to be provided by asymmetry
measurements, similarly as in searches for other new physics phenomena in ep collisions [5].
Assuming the availability of longitudinally polarized e* beams, we shall present a detailed
analysis of the changes to the various NC asymmetries induced by Z' bosons with different
couplings corresponding to three specific choices for the U(1)y/ [6]. From the results of this
study and estimates of the expected statistical errors in asymmetry measurements one can
infer approximate detection limits.

For the ep c.m. energy and luminosity we have assumed the following values:

(I) V5=14TeV and L=10*?cm %71, (2)
(II) /s=1.8TeV and L= 10> em %571,

These options exist in collisions of a (50 — 100} GeV electron or positron beam of LEP with
a 8 TeV proton beam of the hadron collider in the LEP tunnel (LHC) as dicussed at this
workshop [7]. However, since polarized e}iR beams, being an essential tool in the searches
proposed, are more likely to be available at the lower LEP I energy than at LEP 200, we
shall almost exclusively show results for the option (I). A brief summary of our work can be
found in the report to this workshop by J. Ellis and F. Pauss [2].

2. NEUTRAL CURRENT INTERACTIONS IN A SU(2), x U(1)y x U(1)
MODEL

We first give a brief description of the neutral current interactions in an electroweak
model that has one additional U(1)y: gauge symmetry beyond the standard SU(2); x U(1)y
gauge group, pointing out the main consequences of the presence of a new Z' boson associated
with U(1)y,. The effective neutral current lagrangian of such a model can be written in the

form
gL

cos By

L=eJt A, + J3Z, + gy,Jg,Z;, (3)

where e, g; and gy: denote the electromagnetic, SU(2); and U(1)ys gauge couplings, respec-
tively, and 8y is the Weinberg angle relating e, g and the U(1)y coupling gy: ¢ = gz sinfy =
gy cos By . The currents coupled to the photon field 4,, the ordinary vector boson Z, and
the new boson Z,, may be expressed as follows:

Jbn = Xf ?‘YHQ.ffv Jz = 2t ?’Y”('Uf —as)f, Jz = 25 ?T“(U'f - a}’fa)f, (4)
with
vy = %T3f — sin’ GWQJ'” ar = %T3J'; v’f = %(Y;L + }fffﬁ), G.} = %(Y;L B y—;ﬁ)’ (5)
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Qy, Tsy and Y, _ being the e.m. charge (with the convention Q. = —1), the third component

of the weak isospin and the U(1)ys charges of a fermion f (fr,r = (1 F¥5)f), respectively.

The weak bosons W*, Z and Z’ acquire masses through spontaneous breakdown of
SU(2)r x U(1)y x U(1l)y to U(1)em. In general, the neutral bosons Z and Z' mix and form

the mass eigenstates
Z1=Zcosl + Z'siné, Z,=—Zsinf + Z'cosé. (6)

Evidently, the state Z; with the lower mass eigenvalue mz, is to be identified with the already
observed neutral boson. However, because of mixing the properties of Z differ somewhat from
the properties of the Z boson of the Standard Model. Firstly, mgz, is lighter than mz as can
be seen from the inequality - '

m% = m%, cos’ § + my, sin’ 6 > my, (7)

implied by eq. (6). Secondly, the Weinberg angle 8w defined by the gauge couplings g; and

gy or, equivalently, by
My
= ———=1 8
p m¥ cos? fw (8)
deviates from the angle @y obtained from the W and Z mass ratio:

2
17
__2_“L_<_1_ t
mzl mz

.27 m%v 2
sin“ fw =1 — — = sin‘ fw. (9)

Here, mw denotes the standard W mass and myz is as given in eq.(7). The relation (8) is
known to hold if the Higgs fields responsible for spontaneous symmetry breaking are SU(2);,
doublets and singlets. Thirdly, the currentJ; which couples to Z, differs from the usual

neutral current Jz. This is explicitly seen by rewriting the lagrangian (3) in terms of Z; and

Zz: ¢

L =eJt A — e (JHZ JEZ 1
©em “+sin9wcosﬂw( 140t I3 2“)7 (10)
with 9
JE = cosf J;+~‘£"gi}£5ing T8 =Y Fr*(vss — avgrs)f (11)
L f
; g —
J¢ = —sin@ Jh + gy W cosf Ty = > Frt(ves — azsvs)f- (12)
9L f

The effective vector and axial vector couplings v;; and a;; can be obtained by substituting

eq.(5) in
1g B cos8d sind v
vf a —sind cosé gy cos Owvi/gr ,

a1y B cosf  sind af
azf o —sinf cosé gy €os 0Wa'f/gL

In ep collisions one can thus distinguish two effects arising from the presence of a
second neutral boson: modifications from the standard NC couplings and relations due to

(13)
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Z — Z' mixing, and additional contributions to ep — eX from Z; exchange. In the limit
mz, — oo, # — 0 and mgz, — mz so that one recovers the Standard Model expectations. The
allowed values of mz, and @ are already restricted by W and Z mass measurements (mixing
effects) and by low-energy NC-data (mixing and exchange effects) as shown later for specific
models [3].

3. EP CROSS-SECTIONS AND ASYMMETRIES

From eq.(10-13) it is straightforward to calculate the NC cross-sections for polarized
e} gp scattering. Using Q* = —k* and x = —k?/2pk as independent variables where k is the
four-momentum of the virtual bosons and p is the incoming proton momentum, one can write
the inclusive differential cross-section for incident er.r as follows:

dO'(E_L,R) . 2rat

dedQ? 20

Here, y = Q*/zs and /s is the total c.m. energy. The structure functions Fi''F and $F3L’R
are given by

(1 + Q- ) PR, + (1 - (1 -y )eFER(,QY)) . (14)

FzL’H(va Z{m‘lf(“’ )+ zq(w #Qz)}ﬁszR(Qz)a (15)
e FP R (e, Q%) = Z{xqf z,Q%) — zg,(z, Q*)} FR(QY), (16)

where ¢s(z, Q%) and §,(z,Q?) are the quark and antiquark distribution functions of the pro-
ton, and

FLR(Q = Qf‘*"zf_l{('vieiaie)( j+af) : ‘“2Qf(v1eia1e)vzfp} ( )
17

+2(v1e £ a1e)(V2e T 2 J(V1V25 + 17024 )Py Py, and

R(Qz) - :tz{Z?:l ((vie T a; )2'UifaifR'2 — Qf(vie + aie)aifPi)
(18)
+(v1e £ @1 V20 £ e )(vr7a2f + a17v27}P1 Ps}

are eflective charge coefficients containing the vector and axial vector couplings defined in
eq.(13). The Z; and Z, propagators are absorbed in the factors

P =Q* (sin2 8w cos® O (Q* + m.zi.z)) . (19)
The corresponding €] zp cross-sections follow from eq.(14) by the replacements
FER L PR and oFPR > —zFRE (20)

The individual contributions from <+, Z; and Z, exchange and the interference terms can
easily be recognized in eqs.(17) and {18).

Later on, we shall mainly deal with NC asymmetries. These are defined, generically,
by the ratio
G{er}) — o(er)}

Aler = @) = F e T (e

(21)



where 7(e;) with ¢; = ef p stands for the differential cross-sections do(e;)/dzdQ? described
above. Sometimes we shall also consider asymmetries integrated over z in which case &(e;) =
do(e;)/dQ*. In total, one can construct six different asymmetries: the polarization asymme-
tries A(e; — ep) and A(ef - e}), the charge asymmetries A(e] — e¢7 ) and A(ef — e}), and
the mixed asymmetries A(e7 — e) and A{eg — ef).

4. SPECIFICATION OF Z'-MODELS

We have chosen to study a class of models for a new Z' boson which is suggested
by superstring phenomenology [1,2]. Roughly speaking, compactification of the heterotic
Ey x Eg superstring in 10 dimensions may lead to a supersymmetric Eg theory in 4 dimen-
sions with the Fg symmetry broken to some subgroup G at the Planck scale. If there is
no further symmetry breaking at intermediate scales, that is if G is the low energy group,
it must necessarily be bigger than the gauge group of the Standard Model. This leaves
SU(3B)e x SU(2)L x U(l)y x U(l)y» = G C Eg as the minimal low energy theory con-
taining the Standard Model. In case G is some bigger subgroup of Es we simply consider
SU(3)c xSU(2), xU(1)}y x U(1)y+ as the result of intermediate stages of symmetry breaking.
Finally, it is assumed that the extra U(1)y+ breaks down at a scale of O(1 TeV) in which
case the Z' may acquire a mass mz < O(1 TeV).

However, there is still an infinite number of possible U(1) subgroups of Eg which may
play the role of the additional low energy gauge group U(1)y.. The point is that Eg has rank
6 and thus contains two U{1)’s in addition to SU(3)¢c x SU(2)r x U(1l)y which has rank 4.

Decomposing Eq as indicated below,

E, € SO(10) x U(1)y C SU(5) x U(1), x U(1)y
(22)
C SU(3)c x SU(2) x U()y x U(1), x U(1)y,

one can think of U(1)y: as a linear combination of U(1), and U(1), [8]. More physically, the
Z' boson associated with U(1)y: can be represented by

Z% = Zjcosa+ Z:sina (23)

where Z; and Z¥ are the U(1)y and U(1), gauge fields, and the angle o specifies a particular -
model. Moreover, the effective U{1)y: gauge coupling takes the value

5 €
;= 4] = 24
A \/;cos Ow (24)

normalized such that in the Eg symmetry limit {when sin’fw = 3/8), gy is equal to the
SU(2)r coupling gz = e/ sinfy .

The assignment of the new U(1}y: charges to the fermions is now fixed by eqs.(23)
and (24) as explained below. The 15 helicity components of a standard lepton and quark
family form, together with new fermion species, a fundamental 27-plet of E¢ which contains
the following (S0(10), SU(5))-representations.

+57) +(L,1). (25)

It\ﬂ
-1

= (16,10 +

" +1)+ (10,

L]
(1]
e

5



The known fermions {uz,dr;u$,e} and {d5;vz, er} fill the (16,10) and (16,5") multiplets,
respectively. Corresponding assignements hold for the heavier families. Parametrizing the
new U(1)y: charges of the fermions in accordance with eqs.(22) and (23), one has

Y] =Y, cosa+ Y} sina (26)

WhE:re)Y}lb[fo] denote the U(1)y[U(1),] charges [8] given below for the multiplets quoted in
eq.(25):

[ Ee | 27 |
S0(10) 16 10
NG & S 1/2 ~1

[==RE R IR

SU(5) |10 | 5 | 1 |5 |5
V10Y> [ 1/2 | -3/215/2 | -1 1

The supersymmetric counterparts of the fermions play no role for the later discussion and
are therefore not considered further. Finally, the Higgs fields also belong to a 27-plet of E¢
which contains only SU(2); doublets and singlets. Hence, the relation (8} is fullfilled in this
class of models.

Numerically, we have investigated the following three examples [2,6]:

5

model A: cosa = /3 , sina = ./3

B 8 ?
model B: cosa =10 , sina =1 , (27)
model C: cosa = —\/:—‘: , sina = 11_6

Model A is unique in the sense that it corresponds to the minimal scenario G = SU(3)¢ x
SU(2)r x U(1)y x U(1)y: considered above, while models B and C involve symmetry breaking
at intermediate scales triggered by a (1,1) and a (16,1) scalar field in the case of B and C,
respectively. The corresponding hypercharges Y’ can be obtained from eq.(26). Since the
exotic fermions in the fundamental 27-representation of Eg (see eq.(25)) do not participate
in ep -» eX, we only state the charges of the ordinary leptons and quarks:

Y,(uLvdL;uiveE) = 1/\/1—5 (A)a 1/2\/ﬁ (B)1 _l/zm (C)a

Y'(dgsve,er) — 1/2415 (A), —3/24/10 (B), —1/V/10 (C), (28)

and correspondingly for the heavier families. Obviously, the new hypercharges of right-handed
fermions entering eq.(5) are given by Y; = _Y;E. It should further be noted that for model
A and B our charge assignment is exactly the same as the one used in ref.[2], while for model
C there is a difference in the overall sign. This difference has no consequences other than a
relative sign in the mixing angle € for the two conventions.

5. NUMERICAL RESULTS

We are now ready to illustrate the semsitivity of searches for new Z' bosons in ep
collisions at LEP-LHC. For reasons explained in the introduction, we shall completely rely
on asymmetry measurements with polarized €]  beams and a total integrated luminosity
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of f[Ldt = 1 fb ' per year (250 pb ! for each polarization state) at the c.m. energy

V¢ = 1.4 TeV. The numerical analysis is carried out according to the following strategy

[9]. Apart from the Z’' couplings specified in eqs.(24) and (28), the modified NC interac-

tions involve four more parameters: the vector boson masses mz, and mg,, the Z-Z’' mixing

angle § and the Weinberg angle #y,. The lower mass myz, is assumed to be known experi-

mentally with great precision (e.g. from measurements at LEP). We have taken the value

myz, = 93.3 GeV. Furthermore, using the constraint (8) and substituting mz from eq.(7)

and mw = 38.65 GeV/sinfy, one obtains the Weinberg angle as a function of mz, and §..
The above relation for mw includes the standard radiative corrections {10] but neglects the

contributions from the new particles in our models, an approximation which suffices for the

present purposes. Finally, mz, and 6 (being related to uncertain vacuum expectation values

of Higgs fields {2,11}]) are considered as essentially free parameters. We then investigate de-.
viations from the Standard Model expectations due to the Z’ in the (mg,, #)-plane for the

models A, B, and C defined in the last chapter. The remaining numerical input is ¢ = 1/137

for the fine structure constant and set I of ref.[12] for the quark and antiquark distribution

functions of the proton.

Quite generally, one can say that the Z' bosons considered in the present study are
more difficult to detect in NC ep scattering than a Z’ of the kind expected in some Left-
Right Symmetric Models, or a simple repetition of the standard Z with a heavier mass [5|.
Reasons for that are the comparatively weak Z’ couplings and destructive interferences in
the contributions to ep — eX from v, Z; and Z, exchange. For example, we have compared
the NC cross-sections for model A with the Standard Model predictions and find that the
effects from Z, {= Z' for § = 0) do not exceed a few per cent even for mg, as low as 200 GeV
and for very large values of Q?. Quantitatively, the unpolarized cross-section for e”p — e~ X
integrated over z and @Q* > mj} = 4 x 10 GeV? decreases by Ag/o ~ 3% relative to the
cross-section osy(e”p — ¢ X; Q% > 4 x 10* GeV?) ~ 5.6pb expected in the Standard Model.
Although the effect is still larger than the statistical error of about 1.3% corresponding to 5600
events for f Ldt = 1 fb1, it is probably drowned in systematic uncertainties. The changes
in the unpolarized NC cross-sections for mz, ~ 500 GeV are definetely not observable.

The prospects for detecting the Z’ improve considerably, if polarized ei p beams are
available. One can then search for effects in the NC asymmetries introduced in eq.(21).
These are more sensitive observables and have the further advantage that ome can expect
cancellations of systematic errors in the experimental determination of ratios of cross-sections.
In Fig. 1 we present a comprehensive survey of the sensitivity of the six different asymumetries
to the Z' for models A, B and C. Shown are the contours in the (mz,, §)-plane for which the
Standard Model asymmetries Agar{ e — €2} differ from the asymmetries A(e; —e;) predicted in
the two-Z models by a fixed amount §4 = |A{e; — ea) — Aspr(e1 — €2)|- For this illustration we
have chosen a suitable kinematical point which is experimentally accessible with reasonable
statistics. Asymmetry mesurements with a precision § 4 would allow to explore the regions
in mgz, and § outside the contours corresponding this particular value of 6A. The following
facts are noteworthy:

(1) The detection limits in mz, and € depend stroungly on the Z' model as well as on the
asymunetry considered.

(2) The sidewise boundaries in the contour-plots of Fig. 1 come mainly from effects due to
Z-Z' mixing and constrain in particular 8, while the contributions to the asymmetries from
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Fig. 1

Contour lines of $4 = [A(e; — €2) — Asarer — e2)| = 0.02 (dotted), 0.04 (full), 0.06 (dashed},
0.08 {(dashed-dotted) in the (mz,,8)-plane for models (A), {B) and {C) at

s =14 TeV,z = 0.05 and

Q% = 7 x 10* GeV?. The Standard Model values Ay of the NC asymmetries are also given.



Z, exchange lead to lower hounds on mz, which vary only weakly with 8.

(3) Z-Z' mixing affects the polarization and charge asymmetries quite uniformly (apart from
the sign of §A which is not shown in Fig. 1), while the mixed asymmetries are rather
insensitive. Moreover, these effects are to a large extent model-independent as expected.

(4) In contrast, deviations in the asymmetries due to Z; exchange clearly discriminate between
the models A, B and C as can be seen by comparing Figs. 1(A-C) for small mixing angles
around ¢ = 0.

The above results emphasize the importance of studying as many asymmetries as possible in
order to optimize the sensitivity, to distinguish the existence of a new Z' from other possible
sources of an effect which might be seen, and to determine some of the properties of the Z'.
A glance at Fig. 1 shows which asymmetries are the most sensitive ones for models A, B and
C. Similar studies for HERA energies can be found in refs.[9,11].

The drawback of such a comprehensive measurement is the necessity to share lurninos-
ity among epr collisions. Fig. 2 illustrates the statistical significance one can expect for an
integrated luminosity of f Ldt = 250 pb~? per polarization state, i.e. 16! in total, and 100%
beam polarization. In this figure we compare the Standard Model asyminetry Aspy(ez — eg)
integrated over x with the corresponding asymmetries expected in model A for # = 0 and
two Zs(= Z') masses. Of course, we have chosen the most sensitive asymmetry for this test.
The statistical error in the bin Q% = 6.3 x 10* GeV? to 10° GeV? is §4 ~ 0.03 and decreases
for lower Q? bins. We believe that systematic errors in the determination of the luminosity
and beam polarization, and also theoretical uncertainties in the Standard Model predictions
can be largely removed by comparing the data and the Standard Model in the low @* region.
Omne can then use the data at higher values of Q? to search for deviations with a sensitivity
which is basically limited by statistical errors. In that case, an appropriate y*-analysis would
increase the overall significance, e.g. in the last Q* bin to §4 =~ 0.02. If no effect is seen, one
would thus be able to put the bound mz, > 500 GeV at ¢ ~ 0 for model A as can be seen
from Fig. 2. More generally, one could exclude the existence of the Z’ with values of mz, and
8 outside the contours corresponding to §4(e; — ex) ~ 0.02 in Fig. 1. The last statement
also applies to the other models.

Before summarizing the detection limits found in the way explained above, we want
to stress that luminosity has absolute priority over energy in searches for a Z'. This is
substantiated in Fig. 3 which shows the same test as Fig. 2 except that the energy is
increased to /s = 1.8 TeV and the luminosity is lowered to f Ldt = 25 pb™' per polarization
state according to the energy-luminosity estimates [7] quoted in eq.(2). We are aware of
the fact that polarization is unlikely to be available at the maximum ep energy, which does
not hinder us to make the following point. A 10 times smaller luminosity than the one
assumed in Fig. 2 would decrease the statistical significance of searches for the Z' in the
range Q% = 6.3 x 10* GeV? to 10° GeV? to A ~ 0.09 or §4 = 0.06 after a more sophisticated
yZ-analysis. As a consequence, one would only be able to explore the regions in mg, and ¢
corresponding to §4 > 0.06 in Fig. 1. In particular, for model A and 8 =~ 0 one would obtain
the much weaker lower bound myz, > 200 GeV for the mass of the Z,(~ Z') as can be also

guessed from Fig. 3.
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Fig. 2 DPolarization asymmetry A{e; — eg) integrated over z for model A assuming § = 0 and taking
mz, = 200 GeV (dashed-dotted) and 500 GeV (full), in comparison to the Standard Model prediction
(dashed). The error bars indicate statistical errors for an integrated luminosity of 1 f&7! shared equally
among runs with ef ; and €} ; beams.

0.6 S —
| A(e;-eg) : MODEL A

0-2 L . -

L Vs = 1.8TeV ; SL dt = 100pb~!

0.0 e '

1 10 100
Q2 (103GeV?)

M| s A P

Fig. 3 Same as Fig. 2 but for a higher c.m energy and a lower luminosity.



6. SUMMARY

We bave studied searches for a new Z' boson in ep collisions at /s = 1.4 TeV and
L = 10%* ¢m~2s~! which rely completely on asymmetry measurements with polarized ef,R
beams. Such searches may be feasible at LEP-LHC operating in the ep mode. We have
presented arguments which suggest that it should be possible to achieve an overall sensitivity
to deviations of the asymmetries from the predictions of the Standard Model of about 64 =
0.02 at Q% > 6 x 10* GeV?. In that case one can reach the detection limits for models A
and B plotted in Fig. 4. As obvious from Fig. 1C, model C is rather difficult to test. For
comparison, Fig. 4 also shows the current boundariesin mz, and 8 for models A and B which

practically exclude negative mixing angles.

As somewhat more conservative estimates, we quote below the lower bounds on mg, at
6 — 0 which can be expected from asymmetry measurements with a precision é 4 =~ 6.04-0.02:

model A: mz, > (300 — 500) GeV,
model B: mz, > (250 — 400) GeV,

model C: mz, > (no useful imit — 250) GeV.

Without polarized ei n beams the prospects for detecting the Z' decrease drastically to the
level of the present bounds. Hence, longitudinal polarization is mandatory for Z' physics at
ep colliders [5].

Moreover, if a Z' boson exists in the mass ranges indicated above asymmetry mea-
surements are very useful for establishing clear evidence by excluding other possible sources
of the observed effect, and for determining some of the Z’ couplings. The great sensitivity of
the asymmetries to the Z’ couplings is demonstrated in Fig. 5 for the superstring-inspired
class of models considered in this work.
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for a run of 1 fb7 7, using essentially A(e; — eg). The thin full ({model A) and dashed (model B) lines
show the present bounds reported in ref.[3]. The dotted line is an extrapolation assuming 6 ~ 1/mz,.
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Fig. 5 Expected deviations from the Standard Model predictions {dotted) in the NC asymmetries for
the present class of SU(2)y x U(1l)y x U(1)y models at /s = 1.4 TeV,z = 0.05 and Q% = 7 x 10* GeV2,
The angle « specifies a particular U(1)y: and fixes the new hypercharges Y' (see chapter 4). Models A,
B and C correspond to a = 37.8°,90° and 165.5°, respectively. The mixing angle # is set to zero and
myz = 300 GeV.
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