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ERRATUM

In eq. {(!.3) the line

+{1 = X CovxX + ;tz. Stan, X

has to be replaced by

—.’)2-1 Stanol + fyzl Lo o
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Radiative Corrections with Two Higgs Doublets at LEP/SLC and HERA

Wolfgang Hollik

II. Institut fiir Theoretische Physik, Universitit Hamburg

Abstract:

Formulae for the radiative corrections to e e — fF and ep —+ eX, y%X' are given

for two Higgs doublets in SU(2) x U{1). The magnitude of deviations from the

minimal model is discussed for the MW_MZ mass correlaticn, the e+e— forward-back-
ward and polarization asymmetries énd G'(e+ek-—ﬁ hadrons) at LEP/SLC, and for
&(NC)/ 6 (CC), charge and polarization asymmetries in deep inelastic ep scattering
at EERA. Precision experiments can restriet the mass splitting between neutral

and charged Higgs bosons to < 100 GéV. In the supersymmetric Higgs model the

additional corrections remain unobservably small.

In the standard SU(2} x U{1) model of the electroweak interaction s single

neutral scalar boson 1s the only remmant of the spontanecus symmetry breaking

mechanism. The minimal Higgs structure yields the identity

1
Mw
¢ T o3y = 1
Mimg';
This experimentally confirmed relation /1/, however, does not allow to conclude

that the Higgs sector is minimal : ? = 1 remains valid e.g. for any number of

additional Higgs doublets.

The strongest motivation for extending the Higgs sector may come from super-
symmetry. The supersymmetric version of the standard model requires two SU(2)
doublets to give masses to up and down quarks /2/. But also non-supersymmetric
arguments advocate two Higgs doublets, such as the discussion of CP violation /3/

and the Peccei-Quinn mechanism to solve the strong CP problem /bi/,

The minimal extensicon of the standard model has two scalar doublets éi' 4&
in an otherwise conventicnal SU(2) x U{1) gauge theory. 3 of their 8 degrees of
freedom are absorbéd in forming the longitudinal polarization states of wt, 7,
and 5 remain as physical particlesJ.Their spectrum consists of a pair of charged
bosons ¢t, two neutral scalars HO, H], and a pseudoscalar H2 {this terminology

describes their behaviour on the interaction with fermions). These physical states

are obtained by diagonalizing the mass matrix derived from the Higgs potential

v( §4 &0

The original Higgs fields in the Lagrangian

g

y 13,81 « 13 31" - V(§,8,) (1.1)

fU\r



are writbten as
+

@. = ¢? (1.2)

1 (\3+5?J.+{XJ)/‘Q"

with vacuum expectation values Vay Voo By appropriate choice of the Higgs phases
v, and v, may be taken to be real and positive /2/. The mass eigenstates can be

obtained from the unmixed components in {1.2) by

¢i = - Qts,«ju[!u + ¢f tnf3
H o= -2 sanfl b X f

(1.3}

=
]

m,wx M, Suan &

T
t

. SAm X
X4 v o + xl Aana

and the unphysical CGoldstone fields are

U AR O M

. (1.4)
X=X, wh t X, w3

The mixing angle.(g is related to v, and Vo
tam b= /v, (1.5)

whereas W depends on all the quadratic and quartic parameters of the potential

in a rether involved way.

1 . 4‘
The situation v, % Vo (v1 Ze v?) leads to Yukawa couplings to the I = {t, T

)

. - 1
fermicns enhanced by a facter vl/v2 (vg/vi) compared to the mirimal model .

1 1 .
) It @ couples Lo + > and ﬁ to - 1 fermions.
2 P 2

Limits on vq/v1 from the leptonic sector are rather weak /5, 6/ ( ~0(102)); more

stringent 1imits have been derived from CP violation in X and D, B mesons /T/:

a2
VL ,h‘t ) (1.6)

In a non-supersymmetric two-Higgs wmodel the mixing angles u,p and all the physical

Mo, My, M2 are independent quantities which are not fixed by the

¢ o

theory. In the minimal supersymmetric model these parameters are severely constraint

boson masses M

/27
ME = MY M,
¢t = W R
Mol-t = ';,_(M21+M: 1J(M;;—M£JZ-L{M;M; tos* 23 )
% 2
~ My, + My
tom (2«) = ftan(2p) - MM (.7

In such & model one of the neutral scalars is always lighter than the 2 boson,
+ - - . P
whereas M N 2 MW . From present e e experiments an experimental 1imit

M &t > 18 GeV /8/ has been derived.

A

If the masses of the iliggs bosons are of the weak boson mass scale or heavier
there is little chance to produce them in the e'e” and ep colliders of the next
future. Indirect effects, however, can be present from virtual Higgs bosons in
the radiative corrections to the standard fermionie processes e'e —s fF, epoelvix,
as well as in the low-g? reactions p decay and V scattering. Calculations of
2-doublet 1-loop corrections (with v, 3 ve} in the MW_MZ correlation and the Q

parameter have been performed in /9, 10/.

In an earlier paper we have studied the effects of a second Higgs doublet in

. + - + -
the 1-loop corrections to e e — pp { r* 1) for the case of enhanced Yukawa



couplings /6/. In this limit the mixing in the nesutral scalar sector is very
transparent (if the quartic couplings in V are all of the same order of magni-

tude): HO behaves tike Lhe single standard Higgs, whereas Hy, H, and ¢t appear

2

as additional particles with enhanced Yukawa couplings to the leptons. It was

found that charge and polarization asymmetries are rather insensitive to v2/v1

Vo
2 . . .
up to /v] = 0{10?). For the purpose of investigating 1-loop effects of 2-doubdlet

models in the asymmetries it is therefore allowed to neglect vertex corrections
and treat the additional Higgs contributions orly in the gauge bosons’diagonal
ks

and mixing propagators. This covers practically the whole range of § </3< 2
in particular the situation v, = Y, is of special interest for supersymmetric

2-Higgs models.

In this paper we leave the limiting situation in /6/ and calculate the general
renormalized boson self and mixing energies-in the on-shell scheme and discuss the
radiative corrections in e'e” = u+u_, e'e” — hadrons at LEP/SLC and in deep in-
elastic ep scattering at HERA.Mass splitting between the neutral and charged Higgs
bosons can give quite remarkable contributions in cross sections and asymmetries.
In particular, if the neutral Higgses are around the Z mass scale {or below)
precision measurements can tightly restrict the mass of the charged Higgs to

< 200 GeV. In the supersymmetric version big mass splittings are not allowed;

therefore large deviations from the minimal model are not expected.

In Sect. 2 we list the formulae for the renormalized diagonal and non-diagonal
self energies in the on-shell scheme. Sect. 3 conbains the discussion of the
MW_MZ interdependence which enters the results for the e+e— and ep reactions pre-

sented in Sect. L and 5.

2. Renormalized vector boson 2-point functions

The propagators for the vector boson fields are decomposed as

f — f ku j -é ’&v {
A (k) = (-3 + o ) Ay e &

{(2.1)

J = n T za Zl W
Since we do nol consider processes with heavy fermions it is sufficient to deal
with Lthe transverse parts tii only. They are related to the correspending 1-loop

self energies Z.¥ by

. P
i 3 1 .
TR s i o B R LA
. (2.2)
12 i 2R

8. = T x-h &8 .
The rencrmalization is performed in the on-shell scheme for the 2-doublet model
as described in /6/. This means that the loop calculations are done with the
physical mass eigenstates of gauge and Higgs bosons, and the counter terms are

fixed by the conditions that the input parameters
My, Mg, Mo, M My o Mge {2.3)

are the physical masses, and « becomes the electromagnetic fipe structure con-

stant in the Thomson limit.

For the calculation of gauge boson self energies we need only the kinetic
part of the Higgs Lagrangian (1.1} and not the details of the Higgs potential.
Only the mixing angles « [3 from {1.3) enter the results as input parameters in

addition to (2.3).



The renormalized ):} , which are

up into

si< 5. 51

finite by the method of /6/,can be split

(2.h)

a s
where 21 denotes the standard self energy including a single standard Higgs

711/, Alsc the Goldstone-fields {1.4) in the 't Hooft-Feynman gauge are part of

AL ~ g
Z1 . z}contains all those econtributions which are beyond the minimal model.

Since in the general case of mixing in

can be seperated as a "standard” Higgs
.

included in 23 has to be subtracted

In the limiting situation déiscussed in

the neutral scalar sector none of E[O and H1

in a natural way, the single Higgs part
.
in ¥ in order to avoid double-counting.

/6/ Ho becomes the standard Higgs and H.,

Hys .:Pt decouple from H0 in the loop diagrams.
With the definition of the mixing angle
N S 2 T 1
S = Stnl 1- My /Mg, Cw = 1- 54 (2.5}
we list these additional contributions’ }:‘ o
¥ self energy:
_ 2
g § ol L&
z (&% = ml“‘s—" + H('ﬂl, M¢f|Mp+)] (2.6)
¥ -2 mixing:
~ ~ 42 32
Z YZ(&‘L) = D 4 (&1) _ _&'L JZ,}, (2.7)
fo
with
2 ¥R '2) -S..; Cw 2
= +
Zf.-“(& ‘rr* 68w Cy [+ zas Hite My, Mgy )j
(2.8)

and the finile part of Lhe repormalization constant

22 . cu [8M ”"3')
z S M3 My

Cw E(Zfi (M) T (M) )
)

S T =
Ad& }qw

2\W
p from {2.12) and (2.13).
Fin

Z and W _self energles:

~ 2 % z
STan < 3L (@) 3 (M + S2 (et m))

> W W
2Ny = 3 (62 (M) SZ (1t M)

with
~ (et S z
P Wt 1, Mw 280 gty
Zﬂc-,.(“ w{ 12%3;;[ (og M;, T3 He
T
P PREA My + 5-)
sk M M, 3

Sty 2
o [Hea2 M M)+ RUETM, M)

25 M, M)
ALs. e

s s M, [&%%}e r@ﬂ(&‘,m,mi)-ﬁo(&‘,ma. Mg)]j

sty '

- H(&ﬁMo,M&)]

(2.9}

(2.10)

(2.11)

{(2.12}



1 t
W, . K 2 w My L)
zﬁ““ ) 4T 42 s} {'& (lo? M‘M‘p, ! ’(03 M;Ma‘ : 3 )

v 5ot [ HOE M, M)+ HOES My M) —HIES Mo, 1y)
+tos s H (&7 M, Myr) + H 4T M, M)
LI M, o £ ~ 2
+RMy s F [{0.3:\"1'— + B.,(&,MMMW) - Bo(i,Ma,Mw)]}-
1

{2.13)

The two mixing angles in {1.3) appear only in the combination = |pt~
g ang ' B T .

The field renormalization constants in (2.10-11} are:

kS
T s o, M cw‘-Sé(sMJ _ SMw)
821 TR '&3 M g4 * st My Moy (2.1
2 L 3
g% e 2, Mu oy fdMe o §My
2 12w 50‘3 Mg+ + 52 M;’ M5 - {2,15)

For the functions H and Eo see the appendix.

3. The M,,*i!;! intevrdependence
W

T
The masses in the parameter set (2.3) are not all independent. Specifying MZ
and the Higgs mass{es}, M, can be calculated from the well-known p lifetime resp.

in terms of the p decay constant Gn:

G, = = :
TR N (- M /I (- an) -
The quantity
Ar = A;' (oo, Myr My Mo )+ A}J(""-ermp‘“oi M, My, Mﬁ*) (3.2)

contains the standard correction /12/

A 2
. 3. ™ (o) 2 7- 45y x)
av = Tt mer (07 TET Aoy Cw (3.3)
W
and the additional noun-standard term
~ 2. " to)
AT. = — (3.1)
My

with 3% rrom {2.11).

The reward of (3.1} is twofold: l
Firstly, it is interesting by itself since it allows a comparison of the My, M,
correlation with the directly measured masses, and secondly, it determines the
value for Mw which can be used as input for caleculating other observables of

interest at the I-loop level. Since M, will be known with ~ 20 MeV precision /18/

7
this procedure makes use of the best known input parameters. The first aspect

is discussed in this sectionm (for earlier work see /9, 10/), whereas the second

3 P - . . . + -
is utilized in the following applications to e e and ep processes.



~
{3.1) is solved numerically to give M, in the standard model (with At )
and the 2-doublet model (with AT+ AT ). The differences are shown in Fig. |
{fixing M, = 93 CeV} as functions of Mgr 2 My for various choices of the neutral

boson masses. Since we do not want to single out a specific mixing scheme, the

plot contains the results where % varies from 0 to W /2 (shaded area). This
includes possible large enhancements ( - 1;_ ), but, as shown in /6/, en-

hancement ~ 0{10%} does not affect the results in a visible way. Taking into
account the restrictions from the B system /8/, ¥ is restricted to & % . The
corresponding boundaries, however, lie very close to each other; thus it is of
no practical importance what the actual limits of ¥ are. For Mo = M1 the results

become independent of x -

From the present M. measurements with A M, = 2GeV no restrictive bounds
on the mass splitting between neutral and charged sector can be derived.
A Mw ~ 100 MeV, as expected from LEP II /13/, could restrict P-I¢+ £ 200 MeV

if the neulral Higgs masses are £ Mg .

Whereas in a, b the masses and mixing angles are treated as independent
quantities, a supersymmetric Higgs sector would correlate them by (1.7). Speci-

fying M @t and fixing the lighter of the neutral scalars at 10 Ge¥, ¢ and the

other neubral masses are determined. With increasing M " also M] and ME increase;

therefore the deviation From the minimal model {with MH = 10 GeV) remain smaller

than the experimental uncertainty in MW'

+ - - . .
L. e ¢ annihilalbion ou the 2

In /6/ we have shown that effects of the second Higgs doublet are small in the
leptonic Pforward-backward asymmeiries at J5 ~ L0 GeV. 1t is therefore more
in't_erest.ing to discuss those asymmetries on resonance. Lavge enhancement -~ 102
does not play a rfle in the on-resonance polarization and charge asymmetries,
since the form factor coubributions largely cancel. Therefore the source for loop

. . 2 5T
effects from the Higgs sector are the gauge boson self energles 2" and 22

+ - - . . . . .
For e e — u+u the peneral form of the differential cross section, including
initial stale longitudinal pelarization, has been given in /6/.

2
Ve discuss the Tollowing asymmetries (s = M }:

Forward-backward asymmetry:

A . 4 gdﬁ' - IdG‘ )

FB °3 QLE 9,1}-

Folarization (left-right) asymmelry:

A le ) - &lew) -

LR & (e ) + & Lleyp)

with lefi—- and right-handed eleclrons €
s

Under the assumption that \;’ﬂ"\'2 is not toc far from 1 {which means that Hieggs

contributions cs=n also be neglected in the quark vertices} the cross section for

2

hadron production at s = M,

_ (D-LE.+&_ — kao{ro\«s\ (4.3
h & (cre” — M7




- 12 -~

2),

can easily be expressed in the following way

¥
4+ LH:I; *2S.¢1Q;-‘lswc'wafﬁ J+ SR
Av [Us)-a+ sy tw Tt

h (h.4)

Tzh = 3 .zi
{.—u,--b

T s & . s . . .

1l = :zz (’42 )/ﬁ41 contains the additional Higgs contributions, eq. (2.7), -

and SQH summarizes all the other standard model contributions, including vertex,

box and QED corrections.

The results shown in Figs. 2-4 correspond to the situations in Fig. 1. They

are obtained in the following way:

(i) Por given M r, and Higgs masses a value for M, is derived from (3.1).

z? W
{ii) With this value of My
S0y, = A- MG /MG
is calculated and inserted inte the 1-loop expressions for the quantities

(h.1-3). Then the standard model result {(with Mo = MH) is subtracted

yielding the non—standard additional contributions.

These deviatlons thus have 2 sources: the shift in the coupling constants,
+ _
and the additional diagrams in e & — ff.

\
3

In order to be on the safe side for Rh we restrict the z region to ¥} £

avoiding large enhancement {shaded areas display the variation with T }. This,

=

however, leads only to marginal displacements of the boundary compared to S Fa

o

The polarization asymmetry shows the best sensitivity to large mass splittings.

The expected accuracy of A A, =z £.005 at the SLC /1h/ can restrict M¢¢ £ 200 GeV¥

if the neutral masses are around MZ. This is comparable with the W mass measurement

at LEP IT. An eguivalent bound can be derived from A_, with dAFB= ¢.0015, and

FB
from Rh if Rh can be measured to ! D.004, which corresponds to a relative accuracy
of 0.2%.
2)

Here we will assume that m, > MZ/E.

t

If we agein apply the SUSY constraints (1.7) and fix M, = 10 CeV the deviations
from the minimal model results {with M, = 10 GeV) remain below the experimental

sensitivity in all the observables:

AAp < 0.003

& bpy & 0.001
AR, £ 0.001.

If such a low lying Higgs state, which is predicted by minimal supergravity
models /15/, would be discovered it would therefore be practically indistinguish-—

able from a single standard Higgs by means of studying radiative corrections.



- th -

5. Deep inelastic ep scattering

The peutrel current differential cross section for e p — e¥X with longitudinally

polarized e®™ beams can be written in the following way:

2% S qF(xlﬁz) —F 2y — ¥
67 T« ZT['R("'Q)*’(PLT.(*'QEJ—-[ (5.1}

dx dQ" o

where PL = degree of longitudinal e¥ pelarization, Q2 = positive momentum transfer

from the incoming to the outgoing e ¥

The contributions coming from standard radiative corrections can be summarized
in terms of diagonal and nom-diagonal propagators, vertex and box éiagrams, and
QED corrections. A complete list and numerical results have recently been given

by B&hm and Spiesberger /i6/.

Those terms coming from the second Higgs doublet contribute via the bosonic

2-point functions if no large enhancement is present. In a compact notation, the

S

gquantities Ty

= . . ’ . . A
and Tﬂ‘ , including the extra Higgs terms, read {(with s = xs,
u = g2-8):

T - 2, (5%a) Dy

- 40 [V (2wt aag (342D, D,

+ 2‘[(Vl+a1)(v1cl+a;)(§1+u')i VV‘c LY (§1-M")I DX } (5.2)

TLI - —QQ\C [a\/‘- (¢Yhmty t Vﬂ; ($=au] Dy Dg

[ Va (Y'eal) (Bad) £ o, (V@) E20]D] -

Ir Qp refers to an anti-quark, the sign of the $2-u? terms have to be reversed.

With the functions Z‘} from (2.6-15) we have:

-t i 4 _m? !
D, = (8 -2 C¢a)]
D, - laem -2a) ]
v o= v - 2%cen/at
v.[_‘ = Vet Q{‘ iﬂ('QLJ/QI {5.4}

o = If/(2sucy)
3

fy
Vo= (T 2@, )/ (250 c)
VoS v, @ A,

For the charged current process ep — yeX the additional Higgs contributions enter

the W propagator :
P2 r o7-1 2 L_”W__ll
l [ h4ug ] —> [ o+ P‘yJ ;z ( & )
with jiw from (2.11). In order to have a look on the effects of the additional

Higgs bosons we caleulate the integrated cross sections
1 xs Jz
v
T
g = ‘§ dx J’d Q z .51
! dx d@ {5.5]
R, G,

and discuss the following measurable quantities:

NC/CC ratio:

ET‘AJC

R =
5 cC

(5.6}



T

Warled e b e

Rl 4 AR b T e -l ]

- 16 -
NC polarization asymmetry:
AT 6 (er) - 6 leg)
LR L)

6 L&) ~ 0 L&)

where ei corresponds to Py = -1 in {5.1).

Mixed charge-pelarizabion asymmetry:

+- glel)- gleg)
Ag * - a ) (5.8)
clel)+ & (eg)

. +- . . s
The mixed asymmetry AL§ was shown in /16/ to be very insensitive to changes of

the standard model parameters. An insensitivity alsc to new particles as far as

=

they belong to SU(2) % U{1) would favor A n

as = probe for extrs currents as in

su(z) x ul1) = OC1y 717/,

The deviations from the standard model, AR and A.A[R,
A

are displayed in
Figs. b and 5 for a value Qoa = 5 - 10% GeV?, The situations correspond to those
that have been considered in Sect. 4. In particular, the standard model radistive
corrections to AﬂR are ~ + W% /16/; large mass splittings in 2-Higgs doublets
enlarge this shift by a few percent more.

On the other hand, if we impose the SUSY constraints (1.7) and fix M, = 10 Gev,

the deviations from the minimal model {with My = 10 GeV) become negligibly small.

. 4 - . , P
The mixed asymmebry AIR (5.11) turns ocut to be practically insensitive to
;
the Higgs sector. Deviations from the standa?d case are -~ 0(10_3), even for
- . . . + -
large mass splittings. This conflrmsALR tabe a good place to look for extra gauge

bosons, since it is not affected by changing the particle content in the minimal

gauge group.

Appendix

The function Eo is related to the scalar 2-point integral in the following way

(A= 2/(4-D) -y + 4oy 4T0) :

4-D J’d‘“q 1. _
M dau? (g*-m?) E(grie)’-m'] (a.1)

1 e Ay = 1
e A e B e ],

4
) Tt i 2 3 z .
B (fél,w,”mdz) = - faf.x '&3 X A& —"x(&{.m‘—ml).,w" ¢
] , wAmg.

1 2
L My vy M i ]
- A DA Pl -

For the analytic result for F see ref /11/. F has the property: F(O,m ,m,) = 0.

The function H in the self energies reads:

H['&}““",t."w‘z) = 92('7"441-“"’“;)’803% +@%_&i F('&'ﬁwm’w‘z)

t (S 2mro 2w}) B, (e win,, e, ) (A.3)

For m, = this can be simplified té

17T P

H AR o) = (B ™) F(A au, ) (A1)

He also need the value at k? = O:

W) = 2y Loy B 5 B2

1,1 1 4!
L My Ma : ﬁ.-u ks
2wy 404 o L0mle m?) (1= 55000 Gy 5, J
1 1 1 4 2 >
(8.5}
if m, # m s
and

H(O,ml,m = Q if m,o= .

o)



- 19 -

- 18 -
References: Figure Captions
/1/ G. Altarelli, Proceedings of the Berkeley Conference, 1986 Fig. 1: Deviation of the W mass from the standard model value for additional

tral scalar/ d 1 asses
/2/ H.E. Haber, G.L. Kane, Phys. Rep. 117 (1985) 75; neutral sealaripseundoscalar masse

J.F. Gunion, H.E. Haber, Nucl. Phys. B272 (1986) 1 a) M, =N, =
/3/ A.J. Buras, Proceedings of EPS meeting, Bari 1985 : B b) M1 = 10 GeV¥, M2 = MZ.
and references therein MZ = 93 Gev, Mo _ Mz'
s . . y . . - .
74/ R.D. Peccei, H.R. Quinn, Phys. Rev. Lett. 38 (1977) 1hlo; Fig. 2: Additional Higgs contribution to the e'e” polarization asymmetry at
Phys. Rev. D16 {1977) 1719 {s = MZ. Same parameters as in Fig. 1.
.B. L. . i . , . .. . . . + - + -
/5/ H.E. Haber, G.L. Kane, T. Sterling, Nucl. Phys. B16! (1979) ko3 Fig. 3 Additional lNiges conbribubions Lo the e'e —s p'i forward-backward
/6/ W. Hollik, Z, Phys. C32 (1986) 291 asymmnetry at Js = M, -
P ' . - N . . + - + - + —
/7/ L.F. Abbott, P, Sikivie, M.B. Wise, Phys. Rev. D21 {1980) 1393; Fig. h: Additional lliggs contributions to R =g { e e — hadrons)/&{e e - pu )
M.D. Sher, D. Silverman, Phys. Rev. D31 {1985) 95 at s = M,. Same parameters as in Fig. 1.
/8/ 8. Komamiya, Proceedings of the Int. Symp. on Lepton and Photon Fig. $: Additional Higgs contributions to R = NC/CC in deep inelastic
Interactions, Kyoto 1985; . ep scattering at s = 105 GeV. Same parsmeters as in Fig. 1.
CELLO Collaboration, DESY 87-30 Fig, 6: Additional Higgs contributions to the polarization asymmetry
/9/ J.M. Frére, J. Vermaseren, 7. Phys. €19 {1983) 63 in deep inelastic ep scatlering at s = 105 GeV.

/10/ 8. Bertolini, Nuel. Phys., B272 {1986) 77 Same parameters as in Fig. 1.

/11/ M. Bdhm, W. Hollik, H. Spiesberger, Fortschritie d. Physik 34 (1987) 637
/12/ M. BShm, W. Hollik, H. Spiesberger, Z. Phys. C27 (1985) sz3
/13/ LEP 200 Workshop, Aachen 1986

/14/ D, Blockts et al., Proposal for Polarizetion at the SLC, SLAC Proposal,
April 1986

/13/ M. Drees, M. Gliick, K. Grassie, Phys. Lett, 1598 {1985) 118;
E. Reya, Preprint Dortmund University DO-TH 85/16

/16/ M. Bthm, H. Spiesberger, Preprint Wiirzburg University, December 1986
{11/ F. Coraet, R. Riickl, Phys. Lett, 184B (1987) 263

/18/ Physics at LEP, ed. J. Ellis and R. Peccei, CERN 86-02



]

15? | A M:N(Gel\/)
1.03—
| 0_5;—
100 200

]
300
Mg+{GeV)

Fig. !

|
400

10— T I i
[ AARx100% i
5 _
0 ..... ;
| | | i
100 200 300 £00 500
M(D + (GGV)
20 | I I
: A AFB X 1000/0 )
10 ]
oL _
|

| | I
100 200 300 400 500
Mg+ (GeV)



T I T I ¥ i I
O |

AR,
-05|-
10

i | | | | | | f

100 200 300 400 500

M¢+(G€V)

-05

Ilfllll

[
100

|
200
Mo +(GeV)

| I
+3OO 400

—

T T T T 1

] T
Lr x100%

| S I O A N U

L

l
300
M¢+(GE‘V)

[
200

500



