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Lower bounds on bilepton processes a¢” e~ and u~ 1~ colliders
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We show that the cross section of at least one of the s-channel proeessda. ™ n™)—/; /i ,i=e, u,
7, mediated by a doubly-charged scalar triplet bilepton is bounded from below and observable at a linear or
muon collider provided at least one of the light neutrinos has a mass in the range where it is required to be
unstable by cosmological considerations. The result applies to any model with scalar triplets and massive
neutrinos which mix and is independent of further details of the models. We therefore stress the importance of
the e"e” and u u~ collision modes of the future colliders for discovering new physics.
[S0556-282(98)04003-X]

PACS numbses): 14.80—j, 12.10.Dm, 12.60~i, 13.10+q

The conservation of lepton flavor which has been tested o +
with great accuracy at low energies is an important feature of ~ £=\} BgvaL vj— =
the standard model. However, at energies of TeV range to be 2
offered by electron linearl] and muon collider$2] lepton
flavor may turn out not to be an exact symmetry. Ehe™ x(ﬁpLyj+7pryi)— By */tP./j|+ He, (D)

and u~ - running modes of the colliders are particularly
suitable for discovering this type of new physics since the
ipitial states carry double electron and muon number, respeggnere the indices,j = e, ., 7 stand for the lepton flavors and
tively. the chirality projection operators are defined Rg = (1

A very promising process which can be studied in theser ,.)/2. In the following we shall drop the subscripts 3 de-
modes is the s-channel production of lepton pairs mediatefioting the dimension of the bilepton representation every-
by doubly-charged bileptons. These particles are predictegihere.
by wide range of extensions of the standard model, such as Because of large bilepton massaeg the present low en-
grand unified theorieg3], theories with enlarged Higgs sec- ergy experiments can only constrain their effective couplings
tors [4], theories which generate neutrino Majorana massesf a generic formG=\?/m3. Negative results in searches
[5] as well as technicolor theori¢§] and theories of com- for the lepton flavor violating processes,—3/; and
positenesg7]. Particularly interesting among them are the /,— v/, wherel = u, 7, andf=e, u, put orders of magni-
theories containing scalar triplet bileptons since they providéude more stringent bounds on off-diagonal bilepton cou-
a framework for the understanding of the smallness of thelings than one obtains from Mer scattering andd—2),,
masses of the ordinary neutrinos via the see-saw mechanisstudies as well as from the searches for muonium-

[8]. antimuonium conversion for diagonal coupling®” andx ##
In this Brief Report we consider the processes[11-13. To date there are no constraints &fi” without
e e (u u )=/ /7, i=e, u, 7, [9,10 induced by a involving off-diagonal elements. Following the present phe-

scalar triplet bilepton in wide class of models containingnpmeim"c’gy we can approximate the bilepton coupling ma-
these particles without making further assumptions on thdix A" to be diagonalsmall off-diagonal elements will not
details of the models. We show that there are lower bound§@nge our conclusionsDue to our ability to rotate lepton
on the cross section of the processes and at least one of thdfildS PY & phase we can choose the couplinysn Eq. (1)

can be detected in the planned lepton colliders provided tha{P be Tea' W'thOUt loss of generaht_y. .

at least one of the light neutrinos, or v, has a mass in the .Wh”e the linear and muon colliders will probe _the cou-

) . ~ T : lings and masses of the bileptons orders of magnitude more
range for which the constraint from the energy density of th ightly than any of the present experimefit§),14 it is pos-
present Universe requires it to be unstable. Should the co sible that due to small’s or high bilepton m,asses no posi-
lider experiments show the negative result then in this clasg, o signal will be detected. However, this may not be the
of models all neutrino masses are below 90 eV or so. case if neutrinos are massive and mix as predicted by most of

We define bileptons to be bosons which couple to twoihe extensions of the standard model.
leptons and which carry two units of lepton number. Their - The masses and lifetimes of the neutrinos are constrained
interactions need not necessarily conserve lepton flavor, by the requirement that the energy density of them in the
otherwise we demand the symmetries of the standard mogyresent Universe does not exceed the upper limit on the total
el to be respected. The most general SY2Y(1)y invari-  energy density of the Univerga5]. If the sum of light neu-
ant renormalizable dimension four Lagrangian of this kindtrino masses exceeds90 eV at least one of them has to be
for triplet scalar bilepton83, By andB; " is given by[11]  unstable(note that the possible annihilation of the neutrinos,
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2v,+2v;, has the same strength as the neutrino decay sinagonstrained to be small due to its contribution to thea-

it depends on the same coupling constants and, therefore, iameter[24]. With the current constraints on the possible
negligible [16]). This may, indeed, be the case faror +  values of the decay width thB~ ~ resonance peak at the
neutrinos since the present upper limits on neutrino masseamlliders is very prominent and the resonant cross section is
arem, <10 eV,mVﬂs 170 keV[17] andm,,rs 18 MeV[18]. much larger than the off-resonance di€]. Therefore we

The lifetime of such an unstable neutrimpmust satisfy the ~can study only the most conservative situation where the

requiremen{19,20 processes’; /' —/ /i are mediated by far off-resonance
virtual bilepton. For completeness we shall later comment
100 ke 2 also on the production dV~W™ in these collisions.
7, <8.2x10% MeVl( \/) 2 If the doubly charged bilepton is very heawsmz. -,
Il

its interaction with leptons can be characterized by an effec-

tive Hamiltonian
The v/’s can decay either radiatively,— v;y,viyy or at
tree levely,— 3v; via neutral bileptorB® or Z’ exchange. G
The radiative decay modes are highly suppreggdd and _ 2t _ N -~
cannot satisfy the constraif®). The same is also true f@' H= 2 iy (1=vs)/ /iy, (1—ys)/ s+ H.c., (6)
contribution tov,— 3v; decay[22]. Therefore, we are left
with the decaysy,— 3¢ induced by theB® exchange. The

effective Hamiltonian for this process is given by

where G, =\2\(\;/(8m3..). In this formalism the
cross section(5) takes a form

If

0— —_— .
—=viy*(L=ys)viviy(l—ys)y+ He, (3 16 (G",)?

\/E g =———S. (7)

T

H=

where Glof = \/E)\ff()\ffKﬂ +N\ K|f)/(4méo) Note that the . .
neutrino decays only due to the neutrino mixings presented N€ effective couplingss., . are related td3, as
by a mixing matrixK;; and the processe§—3/; are for- 5
bidden as required by the current phenomenology. fi Gg Mgo Nii
Just from they, lifetime, 7, *=2Ggm? /(1927%), and the Ciri=>% m2.. OrKn+AnKip) ®)
constraint(2) we obtain dower bound on the effective cou- ®

pling Go as Clearly, since some o6,'s are bounded from below also
o some ofG, ,’s cannot be arbitrarily small leading to nonva-
keV nishing processes at colliders. For large neutrino mass differ-
V| .

(4) ences the present limits on the neutrino mixings |a¢gﬂ|
=|K,e|=2.8x1072, |K,|=|K,,|=3x107% and |Kq,
=|K,¢/=0.2[17,25. Also the mass splitting betweed" *
and B®, which belong to the same SU(2)multiplet, is

Gy =1.9x10° TeV‘Z(

Numerically the minimum values db, depend on whether

the unstal?le neutrmo Is gf of 7 WPe (we aiseume that 9?Iy strongly bounded from the experimental value of the param-

one T;autrmo 1S unstat)lelrld are given by5o"=8.6x10 eterp=1+p,+ pg, Wherep, is a correction due to the mix-

TeV “andGy =8.0x10 " Tev ™. _ ing of Z° with a new neutral gauge bosdwhich we are
Let us now turn to studies of collider physics. Leptons CaMeglecting hereand pg comes from the bilepton contribu-

be pair-produced ire"e” and u~u" collisions via the  {jon to thez® and W™ mass. It is given by24]
s-channel exchange of a doubly-charged bilepton. Assuming

fully left polarized incoming beamsén reality polarization

. : G
rates exceeding 90% are achievafl$) the total cross sec- :_F[ fgop+ + g gt ]= 7F A2
tions of the processes are given by e g2 OB T BT g o
AZ\2 s wheref , ) =mZ+mZ—2mZm; In(n/ng)/(mg—nt). Studies
7= 2 o (5  of the new contributions to thp parameter have provided
To(STMges) M gy the upper bounds Am?<(76 GeVF, (98 GeVY,

(122 GeVY [17] for the standard model Higgs masses
where the bilepton leptonic width Eg++=3\2mg++/87 =60, 300 and 1000 GeV, respectively, at 90% C.L. There-
[9,23]. If the doubly-charged members of the multiplets turnfore, for the interesting range of bilepton masses of 1 TeV
out to be heavier than the singly-charged ones, the norand higher the ratiango/mg++ cannot differ from unity
leptonic decay mod8~ ~—B~W~ can possibly also con- more than~10-20 % even fomy=1 TeV.
tribute to the total width. However, only very heavy bilep- Let us now study the implications of the bourd) on
tons can realistically accommodate a mass splittingd”~ ~ processes at the colliders. To estimate the discovery
exceeding the mass of the/ boson. Also the decay mode potential, we use the scaling relatidy- - = 3.25x 10’s for
B~ ~—W W™ may contribute to the bilepton width but it is thee e” andu ™« luminosities which closely corresponds
strongly suppressed by the neutral bilepton vgy, which is  to a luminosity of 25 fo ! at Js=0.5 TeV and scales like
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the square of the center of mass energy. This choice for thghat the positive signal should be seer/#=0.3 TeV which

luminosity is dictated by the latest e™ linear collider de-
sign repor{1] and the fact that the” e~ mode will approxi-

is below the planned initial energy of the linear collider.
Similarly, if v,.—3v, thenu™u™— 7~ 7~ should be seen

mately suffer a 50% luminosity reduction because of theunless \,./\,,<10"3 (\/§Mz4 TeV used, and if
antipinch effec{26]. v,—3ve then e"e —u u~ should be seen unless
Concerning the background we have to deal with two dif-\ | /\..<1075. Suppression of the flavor violating pro-
ferent types of processes. While the lepton number violatingesses by smal /\¢; would mean that the cross sections
processes have no background from the standard model thef the flavor conserving processe§ /'y —/; /; exceed
e e andu u- elastic scatterings take place also withoutthe minimal observable limit10) by orders of magnitude.
bileptons(other standard model proces$@g] can easily be  Therefore, the bilepton mediated s-channel processes cannot
discriminated on the basis of missing engrdyowever, due  pe missed at future lepton colliders which are much more
to the interference with the standard model graphs the bilepsensitive to the considered type of new physics than the low

ton effects are enhanced in the latter case which compensatgfergy experiments searching for muonium-antimuonium
the existence of the background. If we assume that observin

= i : Snversion and the decay™ —e* vov, [20].
one flavor violating event already constitutes a discovery, w Yy e ver, [20]

e
need an average number efln(1—p) Poisson distributed
events such thait leastl event is observed with probability
p. Hence, a predicted average of at least 3 events is need
to guarantee a discovery with 95% confidence. In this cas
the minimal testableés, ,'s following from the cross sec-
tion (7) are

1.4x10°%

GY, (min)= Tev~?,

©)

wheref#1 ands is expressed in Te¥ In the case a tau
lepton is produced we assume its reconstruction efficiency t
be 65% and this value should be divided by 0.65. The situ
ationf=1=e,u has been studied ifi1] where the Cramer-
Rao limit, y2=Lfdt{de(\)/dt—do(A=0)/dt]*/[do(\
=0)/dt], has been computed. At 95% confidence ley!
=3.84, and one obtains

—5
Tev 2,

G, (min)= (10)

One should also note that at the time colliders start to
operate new experimental data on neutrino mixings and
masses will be available. The largest improvements in ex-

rimental sensitivity can be expected in tau neutrino phys-

s. Proposed E803 and NAUSICAA experiments at Fermi-
lab will respectively have about one and two orders of
magnitude higher sensitivity tK,,| and K, | than the
present limits[25]. Should these experiments give negative
results then, together with improvementsrof determina-
tion in tau factories, the bounds @, ,'s will rise about a
factor of hundred.

Finally, let us comment on the possibility of observing the
processes’; /' —W W~ [28]. For e"e™ collision mode
there are stringent limits on this process from neutrinoless
double decay and the cross section is vanishir&$].
However, these limits do not apply fer— w~ collisions. The
B**W W~ vertex is proportional to the vacuum expecta-
tion valuev go which is experimentally constrained to be be-
low a few GeV[24] but there is no fundamental reason that
it is exactly zero. Therefore, for the energies whéfepair
production is not kinematically suppressedi,<s<M3,
one gets

Independently of which neutrino has the large mass and

decays to three lighter neutrinos we can always choose to

study the process; /¢ —/| /| at the linear or muon col-
lider and to constrain the relevant couplings, A\, | #f,

4.2
g'vgoS

o(p p =W W)~a(u pu =/ )57
)\iiMW

i=I|in Eq. (8). For the numerical estimates we choose the
case ifv,— 3v, since the present experimental constraints onn the case of small;; the cross section gf ~u~—W~ W~

|K ¢l andm,_give us the most conservative limits. Using the

may be enhanced by a factorgff2,s/(\2M{,) and provide

numerical quantities determined above we obtain from Eqsan observable amount of lepton number violating events.

(4), (8)

)\ TT
Tev 2,

&7 =2x10° 3 ——
G =210

(11)

which in comparison with Eq(9) implies that the process

e e —7 7 should be detected at the 1 TeV linear col-
lider unless\ ,,/\.e<10"1. On the other hand, if this is the

case then

G®°,=2x103 TeV 2, (12

and Eq.(10) suggests that the excess of the electron pairs du

In conclusion, we have shown in the class of models un-
der consideration that if at least one neutrino has a mass
exceeding about-90 eV and neutrinos do mix there is such
a lower bound on the cross section af leastone of the
processeg’; /'y —/; /i , mediated by the doubly charged
scalar triplet bileptorB™ ~, that the process is observable at
futuree e or u~ ™ colliders.

We stress that this result is very general and applies to
any model with scalar triplets and massive neutrinos. We
have not used any model dependent relation for the bilepton
couplings nor for the neutrino masses. Our conclusion is also
independent of the exact values of bilepton masses since
only the effective coupling&' are constrained by the analy-
ses. For our considerations it is important that triplet bilep-

to the s-channel bilepton production will be detected. Noteons and massive neutrinos do exist and mix. Therefore it
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appears to be difficult to avoid the lower bounds if the col-merical values by a factor of 2-3, or so, but not by orders of
lider parameters will be close to the presently designed onesnagnitude what is required to avoid our conclusions.

Small changes in the collider parameters and cosmological

bounds, small non-zero off-diagonal bilepton couplings, ex- We thank F. Cuypers and P. Zerwas for valuable com-
istence of two decaying neutrinos as well as accidental carfnents on the manuscript. This work is supported by the
cellations between the used parameters may change our nG!CYT under grant AEN-96-1718.
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