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Influence of the left-handed part of the neutrino mass matrix on the lepton number violating
e"e"—>W~W"~ process
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The influence of the neutrino mass submatvix on thee”e™ —W~W™ process is discussed. Taking into
account various possiblEP signatures of heavy neutrinos it is shown that, in some cases, a na¥izero
substantially changes predictions for maximum possible values & the—W~W™ cross section. The direct
role of the w? parameter(coming from neutrinoless double-beta decég clarified. The consequences of
doubly charged Higgs particle${ ™) with resonances still far away from energies of the future linear lepton
collider (ys=0.5—1 TeV are studied[S0556-282(98)02717-9
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I. INTRODUCTION trino mass submatrik_ generated by left-handed neutrinos,
Thee e~ option of the futureys=0.5—2 TeV linear col- M, Mp
lider is a very interesting area for investigating new physics =( MT M ) 1)
[1]. Processes such as e —Iil;, W W (ljj D R

=e,u,7) could be studied, indicating that lepton numberis exactly zero i, is the submatrix of Dirac-type masses,
(flavor or tota) is not a global symmetry of the electroweak gndm r is the submatrix of right-handed Majorana magses
interactions. In this paper we would like to examine theThjs means that we have considered the class of models be-
e e —W" W~ process. This reaction violates the total lep-yond the standard model where only right-handed neutrinos
ton number by two unitsAL=2. Its potential importance were introduced. Then, to get an observable magnitude of the
and hopes connected with it are based on two facts. First, theross section, at least three heavy neutrinos with appropriate
standard mode(SM) background is very small and under CP signatures and masses were necessary. However, there
control[2], and so with the planed luminosity of 10 filyr  are models wher&, does not vanish. Such a nonzevh

[1] a cross section as small as 0.1 fb could give a visiblechanges the relations which restrict the space of parameters
effect. Second, its occurrence would indicate that there exiff possible(i.e., allowed by experimental datheavy neu-
massive neutrinos of Majorana type. These neutrinos must B&no couplings and masses.

heavy (with massesMy>M}) as known neutrinos cannot  The full phenomenological discussion of nonzétg has

give any substantial signf8]. Many papers have been de- beer) given latelyf9] in the context of heavy neutrino pro-
voted to this process during the last decade7]. For the ductionine”e’(e”e"—w»N) ande” y(e” y—W"N) reac-

first time this reaction was proposed and examined in 19g80ns. Here we will restrict ourselves to two nonstandard
by Rizzo [4]. Additional interest has come with Reff5] models V\.n.th pos_S|bIe nonzeid, : the §tandard mpdel vv_|th
where it was shown that the process is enhanced for hea th additional nght—hande(RH) neutrinos and nggs trip-
neutrino masses in the vicinity of the collider's c.m. energy.I ts and the left-righfl R) symmetric model. Details of these

Then optimism returned ih6], where constraints on heavy quels can be found in I|tera'_[u(e.g., in[3,10]). As we are .
. : : going to find the largest possible values of the cross section,
neutrinos coming from neutrinoless douledecay were

. we consider models wheré€P is conserved in the lepton
taken into account. It has been shown that an observablgector P

signal requires fine-tuning among different heavy neutrino

couplings. However, as shown [i]], these cancellations can

be in a natural manner connected wi@tP parities of heavy

neutrinos. All other papers cited @] give many interesting The leading helicity amplitudes for the e”—W~W~

details connected with the process. process can be written in the following, simplified, way:
This paper brings another such a detail which can, how-

ever, appears to be crucial for the magnitude of the cross

section.pl?n the last paper concerning gt;hée*—>W*W* MZ; {KGemal f(mg) + fu(Mg) + 51+ (Kg) Zamaf 5}

where all relevant constraints on the heavy neutrinos have 2

been taken into accouh8] we have assumed that the neu-

Il. INFLUENCE OF M| ON e"e”"—=W~W~

The matricesk,Kg are part of the unitary matrix
=(K* ,Kg)" which diagonalizes the 66 neutrino mass ma-

*Email address: duka@us.edu.pl trix M in Eq. (1); the indexL(R) is connected with the left
"Email address: gluza@us.edu.pl (right) doubly charged Higgs particle which is exchanged in
*Electronic address: zralek@us.edu.pl the s channel. For details see, €[8,10!.
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The sum in Eq(2) runs over all light ¢) and heavy )
neutrinos. Let us note that the kinematical factors in the t and
u channelsf, ,, depend om,, but thef:(® ones in the s
channel do not. First we will examine the t and u channels,—,

assuming only that the influence of the s channel is negli-2
e

gible (heavys, g). Atthe end we will comment on the effect
of nonzeroM on the s-channel contribution.

The experimental bounds on the elements of the matrix,

K,e andKye, describing the mixing of electrons with light
and heavy neutrinos can be summarized as follows:

i | Kl =?=0.0054, 3)
eay
(fsho |K1Zzemv|$Kﬁght:0.65 eV, 4
2o <0?=6x103-5x10°5 Tev ™,
N(heavy) N
)

The first relatiorf Eq. (3)] comes from low energy experi-
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1/ Js=0.5 TeVv
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FIG. 1. The largest cross section for thiee” — W~ W™ process
with any number of heavy neutrinos with the sa@@ parities.

ments[11]; the other ones can be derived from the fact thatDashed(solid) line is for \'s=0.5 (1) TeV energy(l), (2), (3)

neutrinoless doubl@ decay (88),, has not been detected
yet!

Diagonalization of the matriX1) together with Eq.(4)
yields the following relatio m; = (M L)Veye]:

(6)

2
< Kiight -

2
’mL_% KNeMn

However,Kﬁght is very small and can be neglected; then
from Eq. (6) we get

EN: MyK{e=my . (7)

Similar to the analysis given ifi8,9] let us discuss the
influence ofm_ on the magnitude of the cross section for
different CP parities of heavy neutrinos.

If we have only one heavy neutrino staf@ more but
with the sameCP paritieg, then from Eqs(3), (5), and(7)
we get restrictions om, [9]:

o=m_=<min(«’M,w’M?), (8)
where M is the mass of the lightest of heavy neutrinos. It
gives, for instance, m <5x10 % Gev for M
=100 GeV(@?=5x10° TeV1). For the above values
of m, the mixing angleK . is limited to[9]
KﬁleSmin(sz,Kz).

9

Figure 1 shows the maximum value of the cross section

stand for differentw? values: w?=6x10"2 TeV~! (1), w?®=5
X104 TeV ! (2), w?=5%10"°% TeV ! (3). Doubly solid line in
this and next figures denotes a background level of this process.

relation (9) for three different values ofw? and /s
=0.5(1) TeV. We can see that for various’ there are
different massedM, for which the cross section reaches
maximum value, e.g.,My=1 (100) TeV for w?=6
x1073(5%10°°) TeV L. ForM=<M, the maximum value
of the cross section increases with increadig K ye) 2, in
Eq. (9) increasef for masses larger thad, the cross sec-
tion decreases witrM[(KNe)%aX: k’>=consf. We can see
that only forw®>5x10"* TeV ! and\s=1 TeV is there
a small region of masses wheuog,,,>0.1 fb. If there is
only one heavy neutrino or more but with the sa@®
parities, then the value ob? crucially determiness .
Much effort is devoted to find the bound @sf parameters
[12].

For the case of two heavy neutrinos with opposite
parities we get the following inequalitiesK(\,le:xl, Kne
=iX,, m=M, m,=AM):

2
X m
X2+ Kl—m <k2, (10)
1 m
2 L 2
Xl 1—— s=w’M. 11
1 22) T (11

When m_ =0, to remove the bound given by? [Eq.

o(e"e" —~W W) where the parameters are restricted by(11)] we have to assume that two neutrinos are almost de-

IAs we can see there exist large discrepancies in the limibon
For arguments on lowguppe) limits, see[12,13.

generateA— 1. But then we have practically one Dirac neu-
trino (two Majorana neutrinos with opposi@P values and

the cross section approaches zero. This was actually shown

in [8] where them =0 case was examined.
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FIG. 2. Influence of then, on oy, for two heavy neutrinos FIG. 4. Influence of them, parameter on the s-channéf -

with oppositeCP parities forys=1 TeV andA=5 as function of ~ fésonance. SOIid’ dashed, and dotted lines arGETT'[GFO, 1,and 5
M. Only negativem, values give substantial results in this case. GeV, respectively. The t- and u-channel contributions are calculated
for the samezcp eigenvalues of heavy neutrinos anef=5

However, form #0 the situation is different. The in- X10°° Tev ™.
equalities(10) and(11) can be satisfied only for the confined
region ofmy [9]: ncp(N1) = = 7cp(N2) = — 7cp(N3). Then two heavy neu-
trinos (N,,N3) contribute in the same way to the amplitude
—maxAM«? (A—1)M k?+ A2w?M?) [Eg. (2)] and can be effectively treated as one.

The last quantitatively distinguishable possibility
which is left for three heavy neutrinos is the case

- . ncp(N1) = 7cp(N2) = — ncp(N3). Then the initial inequali-
Positive values ofn_ are strongly restricted but the space ties (3), (5) and (7) are satisfied ifm, is confined to the

of negativem, values is wider and depends on the values ; : - - ~ )
of M and A. In Fig. 2 we plot the results fom, following region gn;=M, m,=AM, my=BM) [9];
=-1(—3,—-5) GeV andA=5 as a function of neutrino

mass. As we can see lines start from different masses. This is

because Eq(12) must hold. Similar results can be obtained  —min{BM«?,maxB2»w?M?,(B—1)M 2+ Bw?M?}}
for a larger spectrum oA(=3-15. For positivem, the
situation is similar to the case withg=1 [compare Egs.
(8),(12)]. Results given in Fig. 2 describe also the case of
three heavy neutrinos with the followin@P signatures:

<m <min(w?M? «’M). 12

<m <minffAM«%,(A—B)M«k?>+ABw?’M?}. (13

By fixing B=10 andM =100 GeV for different values of
A we have found mixing anglesKNle=xl, KNZ,3

=Xz, Knge= iX3 such that the cross section is maximal. The

result is given in Fig. 3 for/s=1 TeV. For larger masses
(M>100 GeV)Ynax decreases; e.g., for M
=200 GeV, oga=4 fb. Let us note that the largest re-
sults are possible for largé and then we can always find a
space of allowed mixings for whiclr,,,,=9 fb indepen-
dently of m_ . Similar plots can be made for other energies
05 TeV <\s<2 TeV with the result o
<1(25,40) fb andys=0.5(1.5,2) TeV, respectivelysee
[8] for them_ =0 case.

Finally, in Fig. 4 we describe the s-channel contribution
to thee " e” =W~ W~ process. We present the contribution
of two doubly charged Higgs particley ~ and g~ which
my [GeV] exist, for example, in thé.R model®> Masses of thed g

[fb]

Umcx

(=)

-4 0o 4 8

FIG. 3. The case of three heavy neutrinos witzp(N1)
= ncp(N2) = — ncp(N3). The cross section as a functionraf for
different A, B=10 andM =100 GeV is given.(a),(b),(c),(d),(e) 2Other aspects of doubly charged Higgs boson physics at an
are forA=10°,100,50,20,10, respectively. collider can be found if14].
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ergy. To extract the effect of th& ~ resonance we compare
the cross sectionr,,, for t and u channels onlyshort-
dashed ling with the total cross section where t, u, and s
channels are added altogethdong-dashed lingsfor m;
=1 GeV and7ncp(N;)=7cp(N,). We can see the huge
influence of thes, ~ resonance on the total cross section.
Even for a very high mass af (M §L——=2000 GeV, s

=1 TeV)omayis above the “discovery limit.”

The solid lines in Fig. 5 describe another case with
ncp(N1) =—ncp(N,). The upper one corresponds to the
full cross sectioris,t,u channe)s the lower one is for a cross
section without the s channel. As we can see foy
=—1 GeV, contributions of the s and+tu channels are
now comparable. The influence 6f ~ on the cross section

[fb]

Umox

500 600 700 800 900 1000

\/s [GeV] depends on thé ~ mass and width, and the value of timg
parameter. For the same mass and the same wid#h ofits
FIG. 5. Contribution of thes ~ resonance to thee e contribution to oy, e —W W) can be very small,

—W~W" process in the range of energies of the future linear |ep7comparable or much bigger than theut channels’ part, de-
ton collider. Dashed lines are fon_=1 GeV and the sam&€P  pending on the value af, .

parities of heavy neutrinogcase A; solid lines are form,
=—1 GeV andncp(N1)=—7cp(Ny) (case B. To show the s-
channel effect we present,,,, for t and u channels onlyshort 1. CONCLUSIONS
dashed line for the A case and lower solid line for the B rasel

for the full cross section with s, t, and u channels altogettoerg
dashed lines for the A case and upper solid line for the B)case
Long dashed lines are favl 5[—:1000,1600,2000 GeV, respec-

tively. The upper solid line is foM 5[—21600 GeV.

We have analyzed the predictions for maximum possible
values of thee"e”—=W~W"™ cross section in models with
nonzerom, . If we have only one heavy neutrino or more but
with the sameC P parities, then the value @ is crucial for
the maximum of the cross section amg does not have any

. . . 2
particles depend Oy, [15] and fOFMw2=1 Tev we Visible influence. For the smallest value ab“(<5

. . . . . X107° TeVv'1) predicted by some existing estimations
have (without fine-tuning between parameters in the Higgs ; -
potentia) M o= 1600 GeV andM 5;723000 GeV. As (e.g.,[13]) the cross sectiotr,,,is too small to be measured

' o ' in future e"e” linear colliders unlesss g exist in the
ms_->m;-- the effect of 5z~ is negligible. In such cir-  model.
cumstances our considerations are also valid for the SM en- However, for all other cases, timg #0 changes substan-
larged by additional Higgs triplet and right-handed neutrinostially thee"e” —W~W"™ cross section. Negative,_ values
Let us note that the contribution of thi ~ resonance to the move the limits on experimentally allowed neutrino mixings
helicity amplitudes[Eq. (2)] is directly proportional to and masses. If there are two heavy neutrinos with opposite
m, (M, =3,K2.m,; see, e.g.[10]) and is invisible if only CP_parmes(or any number_of them but with the lightest one
light neutrinos exist. If we taken, =0, then the resonance having opposite P parity with respect to all other ongshe
disappeargsolid line in Fig. 4. If howeverm, #0, then its  Value of oay can be substantial, much above the back-
effect can be large. This is shown in Fig. 4 where we takeground level (e.g., for M=150 GeV, A=5, opax
doubly charged Higgs' widths to be I'y— =7 fb). _ _ N _
=T, M —/Myy. Lines in this figure present the crosLéRsec- In another configuration o€ P parities of heavy neutrinos
w L,R

. _ [ 7cp(N1) = 7cp(N2) = = 7cp(N3)] the largest o(e”e”
tions for the case when all heavy neutrinos have the same,\y~\w~) is obtained fom, =0.

CP eigenvalues. As has already been discusagel, de- The most dramatic influence of the nonzengy on
pendﬁss strorlglly onw® in this case. We takew™=5  e-g~_,W W~ is connected with the5, ~ resonance. For
x107> TeV"~, and so t- and u-channel contributions to the\, — ¢ the contribution of this resonance to the process dis-

cross section are very smaflee Fig. 1 This means that the appears. Then_#0 values causé; ~ to give a large con-

large cross sections in Fig. 4, even for energies far awayiy, ion even far away from on-peak energies. The contri-
from the resonance region, are due to e resonance.

bution of 65 ~ to the cross section does not depend omthe
For example, form =5 GeV and \s=1 TeV, opmax

: , value.
=40 fb and the effect is caused almost exclusively by

6, (1600) Higgs resonance. As the contributiondaf  to
the cross section is not proportional g its effect can be
large even form =0, especially if its mass is around the  This work was supported by the Polish Committee for
c.m. energy. This case has been considergd & Scientific Research under Grant No. PB659/P03/95/08 and a
We present directly in Fig. 5 the influence 8f ~ reso-  University of Silesia internal grant. J.G. also appreciates the
nance on thee"e”—W W~ process as a function of en- financial support of the Foundation for Polish Science.
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