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ABSTRACT

. We study the effect of a heavy neutral particle in the
process ete-W'w-, From the unitaraty of the cross section
we have 1limits on the mass and couplings of the N
Considering the contribution of this heavy particle to the
anomalous magnetic moment of the electron we infer a limit

to the mixing angle between ordinary and excited (heavy)
matter.

+ - + - . ¢ .
Key-words: e ¢ +w w ; Heavy neutrinos; Mass limits.
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* The avallable experimental data confarms

quite remarkably the predictions of the standard model of
the electroweak interactions based on the SU(3)XSU(2)XU(1)
group [1) (the Glashow-Salam-Weinberg model). But, as has
been exhaustly discussed, the number of parameters ané
unexplained structures 1ndicates that it is not a truly
fundamental theory.
All the c¢andidates to be an extension of 'the GSW must
necessarily reproduce the standard model at low energies.
" This feature is usually satisfied Dby imposing that the new
particles and/or properties will only show themselves at an
energy scale soon accessible in the big machines: .LEP II,
SLAC, TEVATRKRON, S8C, .. )

The phenomenological agreement at 1low
energies is not the only reguirement we can impose, It is
very important to -have -a theory that 1s self-consistent,
renormalizable and anomaly free in order to perform reliable
estimates. .

The advent of the new colliders will also

permit to test two remaining problems of the standard model:
the existence of the BHiggs particle and the Yang-Mills
structure of the self-couplings of the electroweak vector-
bosons. )
The W boson pair production in ete” annihilation is a pro-
cess whose acceptable behavior at -high energies (o&s-dlns)
is given Dby the gauge theory cancellations between the
édirect diagrams (y and Z exchange) and the c¢ross-chanel
dlagram (v diagram). To emphasize we repeat that this
gauge cancellation is vital for the renormalizability of the
theory.

The effect of a new neutral Dboson, hereafter
named Z[—_;. in the process e‘e—W*W~ has been studied by many
authorslie), our purpose here in this paper is to
investigate the contribution of a new heavy neutral lepton,
N, in the W boson pair production besides the Zp role. The
relevant diagrams are depicted in figure i

A heavy neutral lepton is Pproposed in almost
every extension o¢of the standard model: superstrin
inspireal3), mirror fermionsi{#), anda composite models(S),
for example.

We will taKke a general N-electron coupling
and analyze the possible bounds on it as well as on the N
mass. ‘
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The general interaction 1is described by the
lagrangian: '

Le-eBV e hn+ L BV (q0-qR 1 )e 2 + Gun TV U-T)vWh +

: (1)
*G“zir(o.-» bYs)Nw,“*‘ h. c. l’ﬁmow .

where gy(a) and ga(a) depends on the particular model we

use, and Gy, 1s the usual standard model ev coupling.
Zy 15 the Known neutral boson.

We consider a general mixing between Z; and Zp so that the
mass elgenstates are related to the physical ones (2, 2’)

by:

2, 03O *wOn 2

Z‘L -9wndn o> 0 2! )
and

bk -u[w’vi". A"W")B,.W: t

"

' ; . (3)
WP YWy (8% VAW ] -
- i€ orOn cotan [A o7 2y |+ £€ 3imOry colanOu [Aar i)
A straightforward calculation gives:
(1)
1 B )
] d0 . 2R L Bca ‘

at s
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where the B,; are: .
Byy = Als b, u) Doy =t Elsk w)

e om0 o hst )
B w0 (S [ (g0 (7] st A@.u).

(6-Mley) +M. G

B“,:- 3 T(s,tw)-

A($ Eu)

" Byar - ’2w>9,, ) ™

2 2 By (L) g 5(5 “Me) At t,u)
5"2; ”(C‘)% (5 '11‘)-"12‘[,

B}\): u-G_V-:\_ e w u)) o> 04 1(“;'&’1.&) . \5)

s— v + A

S-H

s~ (JM ___ O N 5(5 Hf&) W
.Bzv b = s 8 (%v*-% )(5 TRV T - T s tw)

2 26, o036 c:: c:)+ o ;:)) s* (S '1;..) . A(s,&,-u-)
)"‘ 01 (39 (-2 (s -he, Y+ Mz, 3]
B = G [(Mu sea b )E (s, w) + Hy (- 8) 2, (s, Lw)

e’

B2 25"

B;-,N:- 2(&45 )%‘— 11(50 ,u)
o= 2(‘1-5)2(2!2. E, (s, u)

By 2 Cm w,en[—(%*“ (‘“e,) zabga 5\ —1,(5,¢t,u)

. W, 1 2 _nab 5(‘-5‘"11.) I (S,L‘V\)
w6 (P 0
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here ez:ecotanBy.
The functions A(s,t,u), E(s,t,u) and I(s,t,u) are given 1in
the classzcal work of Brown and Mikaelianl6), The others

are:
E (s, bu)= ( m)ﬁ(s&u)

I (s, bu)= (&tm ) T (s, t,uw)

Rl

o

£y (st w E(sl:u)

T

R M oy 2 (%)

The total  cross section 1is obtained Dby
integrating (4) from tgin to tpaxe ‘ :

valu = H:’ - ';,S'“(L“' )
h P (?)

N .
- Ho- £ (s- P

toas

with
P i. "Hw . (q )

When we let s-m there remains in the total
cross section a term that is proportional to s and another
that 1is constant in s. To guarantee unitarity we impose
that the coefficient of the linear term, L, as well as the
constant, €, must vanish. Explicitly:

[ L4 c’)( ) 05Oy - 3‘\? ﬁuSn)]z* [‘?x. %? w050, - ‘32" Lie e")T +
+ SC;JA - UGu{¢L [( w 3;») w,en-(%\‘:m;‘;'),‘-“en] - 1} *

e et

(3)

(t)

L] 2 ? () *
+ é“‘?" Qe bisgatbie2(a-b) ] * 2’¢6:A {%[(9‘45‘)(%"“—“9"- ; ¥4On)~

e
~206(a8 w08 - 3}"-.:&,,)] - (a4 b")} =0

.
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e o HCTCES e
+ 33‘?. %‘_.‘ %.':.‘L{e_‘f{h‘;‘ 92 ) LorBr - (‘av-. 32’),’.-..9,..]— 1} +

% Gga {(0."-. b“-o ¢ ‘6")("“» 41‘"» '1-)" 5“0 ) _‘_ 6"~ (q." b) -
e Ha (10)

| ! -
+2(a- ) (20nk-3n3)]+ 262 {?-[(aub NgY 2s6r -
- %%’scu 8.) - 206 (4K cr0n - AL 3im e,.)]- (o4 8) (383 -312Y2 0

Comparing the sum of the terms without a, b,
or My (the first four in L, p.e) we immediately recognize
the same expressions present in the standard model 1if we
Just redifine the coupling of the Z’s with the fermions. we

mean:
W)

Av

%:‘ o8y - %A Y 4in8, = 3:;"

o) . - as
(A)gﬂ— v'ﬂ"eﬂ- ‘%v Ui)'

This is what happens in all breaking patterns of E5[73

Q)

av .-_3.( --42:()..4»8,, + 29y %nOn (.L Yo, + i ‘h.x)

R L 2 ST O
(12

%ty: __aa,_(. A 21() »wOpn 4 —%3' wosOn (— Gz !Hl)
B g () £ o (3N )

‘X s sau‘B'..,)

where ggz:e/(sindycosby) and Y’g,Y'’p depends on the
symmetry Dbreaking. From equations (i12) and (i) we see that
the linear terms in ¢ are independent of the particular
choice for the Uy.(i) (x,¥,n) and reduce to the standard
model.

S0 we have:

L-a+b +6a"61_(a ‘,) O’P a4b+6a62 2(“ b) “3‘
2 .
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: 2
Taking this result in (10) ana defining Y= (-;—'-“—'-)
3"'4 29 - 2+ 3(0- &)? :_() : ti4)

or, Dbetter

33-5+J3U-(Q+M{T ts5)

Yy must be real and positive. This implies

(e+b) < -_%—- o - Q¢)
From (15) we can also see that
HoD Aw ] u3)

Now we will discuss some couplings:
I) Pure vector, b:0: From (13) a:z=ij2. But this case
is ruled out by (16). ’
I11) Pure axial, a:o0. It cannot happens by the same
argument of 1I).
111)Pure V+A, a:b. The Dbound (13) implies on a:0, Db:=0.
IV)Pure V-4, a:-b. From (13) a-zii, This means a full
strenght coupling in the eNW interaction! And, from
(15) My & My.
we will then suppose that there is a general
mixing Dbetween the neutral (v,§) and the charged
particles (e,E), where E 1is a heavy charged lepton.
"LR is the mixing angle between the neutral particles
and e¢Lr the one in the charged fermionic sector(8). A
simple manipulanon shows that:

" Luz GVA[N ’6”(1-";)1 »n (- -.Pa + N¥ (14 “‘5) L0 Pg, Tw $e +
25V e @ (G- ) + DT LT ) v frm i Wy,
So, '

(18)

Q= 'Ku(¢,,~tp.,)+ ws Yo -
b= o> P »iudp - sin (- )

($3)

1¥f the mixing is small and cosygr % { the condiiion (13)
is satisfied Dby

Gin ¢‘ Yn (¢5~ (,0,_ ) | ("&O)

From (16) {
‘ i 4)‘_' £ q'ﬂ'e—' (24)
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Now (15) is written as _ .
y:-34 \’ 3[3-4 Su‘¢a]_ (22)

Varying sinmé¢gp in the Dboundary (21) we can obtain a,b,
and My (see f1g.2). '

In order t0 have other Dbounds on the
parameters we have studied the contribution of the N to the
anomalous magnetic moment of the electroni9), through the
triangular diagram -(fi1g.3)

The result aisliO

- Mo, m (a"b‘) | '
0, =- .ng = Fy) (23)

ith . |
N m)-{g— {"[‘;" c *"’-,1‘“(%5")]+ 'H"i* “ C(’*C)m(—j—%m

and .
C = -.}_....
¥y -4
Assuming that the uncertainty in the
experimental determination of a is saturated Dby 1this
contribution the shadowed area in fig.4 is excluded, But as
in most of the standard model extensions, we can have
additional contributions to a, and this bound c¢an, in
principle, be weaker.
In table I we show the values for a, b, and My satisfying
all these Dbounds.

To make some comparisons with the Known
results we calculated the c¢ross section (fig.5) anda the

angular distribution to the process e‘te—sWtw~ (£1g.6). Ve
have wused My: 82GeV; x: sinZey: 0.223; Mgo: 200GeV;
Fgo: 2.0GeV and sinéy: Of. The hypercharges are the

game as in Dib + Gilman, (ref.2).

It is very interesting to Know what happens

in the angular distribution at {s: 2000GeV when we look at
the various contributions. wWe depicted 1in figure 7 the
profile of these c¢ontridbutions.
As can Dbe seen, at this energy, we cannot distinguish the
contribution of an extra Z boson (diagrams a,b,c,d of figd)
from the prediction of the standard model ( a,p,d in fig.4).
However if we add to the standarda model a heavy neutrino
(diagrams a,b,d,e in fi1g.4) there 1s a significant increase
in A4aoc/d(cos8) (represented d»y the curve with Dballoons in
£1g.7). The continuous line 1in £1ig.7 .represents the
contribution of all the diagrams in figd,
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To summarize o.ar conclusions we can say that:
a) 1f there exists a neutrino »roduétion via ZNN such that
My < Hy it will not couple to ew;
b) we don’t have pure V,A, V+A Or V-A couplings;
€) we can only ‘have a heavy neutral particle if there is
mixing Dbetween the ordinary (v,e) and- excitted matter
(N,E). This mixing should be such that sinégp < 0.24,
here computed the constraints imposed by the anomalous

" magnetic moment of the electron. The corresponding N mass

is less than 1i14GevV if the (g-2) bounds is saturated by the
N contribution. AsS we can have other contribu.tions this
bound can be significantly increased.
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. . FIGURE CAPTIONS
£ig.4 - Relevanis diagrams to _e*e"—-.w*w'

fig.2 - The shadowed area is excluded by the limits on the
anomalous magnetic moment of the eleqtron.

fig.3 - Triangular diagram contribution to the anomalous
magnetic moment -of the electron.

fig.4 - Cross section of the process e‘e~-W'vw-,

£1g.5 - Angular 4distribution for 1two sets of (a, b, My

-9 1s the angle in the center of mass irame between the
e~ and the V-,

£ig.6 - The angular distributions considering tne various
contributions.




CBPF-NF-016/89

-10- .

1°914

(o)




CBPF-NF-016/89

-11-

-04 -02 00 0.2 0.4
sin (¢R)'

FI6.2



CBPF-NF-016/89

-12-

= — MZ2:= 2006GeV, sinBy= 01
MN = {14.6GeV; 6=0.300;b=0.183

(pb)

]

160 660 1160 1660
Vs (6eV)

Fi6.4




d&/d(cos ) (pb)

[

10°¢

{0

!l — ——. M22= 200GeV ; sin Ou= O

" MN= 114GeV; a= 0.300; b= 0.183
| +++++ MN= 99.5GeV; a= 0.137; b= 0.107
= /5 = 2000GeV

-10 -05 0.0 ' 05 10

cos.©

FIGS

68/910~aN~-4490



10~

do/d (cos 6) (pb)

10°¢

10°3

‘«=«- Stondaord model.
sesse Extra Z: MZ2= .200GeV; sin Oy =0.1
44444 Extra. N: MN =

GSW + 22 + N

Js = 2000GeV

114 GeV; 0= 0.300; b=0.183:

~ 00
cos ©

- FIG.6

0.5

10

68/910-IN-444D



- -15—

My sinép a b
115.5 -.248 -487 -.330
105.5 -.188 -493 -.22k&
100.© -138 -.119 -.157

96.0 -.028 - =027 -.029

95.9 012 012 012

96.2 042 043 040

98.3 102 412 091

98.8 412 BY-LY .099
100.1 432 149 114
105.9 492 229 .155
110.3 222 2714 473
1124 232 285 178
1544 242 .300 .183
Table § - Possible values for My, a,

ana

sinég

observang

limits imposed DY ae.
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