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m , j = m ,; j ( where j = 1 , 2 , 3 is the family index ) which we assume to OCR Output
We estimate m S~ 60 GeV from the SO10 mass relation m ,,1 = m ui =")

level Majorana neutrinos.
masses M I ,violation; the resulting signal constitutes a unique discovery channel for TeV
crucial property of this mass scale is that it is independent of the heavy neutrinoa size and energy dependence that permit a clear detection of lepton flavor
appropriately reduced, on the level of Yukawa couplings, to the neutrino sector. Theand mixing parameters for the heavy neutrino Havor lead to cross sections of

production threshold, but below the heavy neutrino mass, acceptable mass "’m §denotes a mixing mass, the equivalent of the top quark mass, which has been
W" W‘ or W+ W+ . ln the center-of-mass energy region well above W pair

appropriate version of the so called sea·saw mechanism.
lepton—fiavour·violating transitions to a pair of equally charged gauge bosons,

by the extended neutrino sector denoted by the dots in eq. ( 1 ) , incorporating the
with [ : e , it , where the exchange of heavy neutrino Havcrs induces the

equal. They are independent ofthe mixing angle in eq. ( 2 ) , but are determinedWe discuss collisions of two equally charged leptons £’ f' or £+ £+ ,
For exact or approximate Dirac degeneracy, M 1 , .M 2 are exactly or approximately
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trino flavor, of which we concentrate on the two least massive ones N1 JV; with
\\`e assume the breakdown of gauge invariance to generate the primary heavy neu—
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terms of the left—handed fields
Let us set the framework of our discussion by defining our lepton flavor scheme in

existence with experimental means presently in the planning stage.
most likely the cleanest - if not the only — one that will permit us to prove their
flavors ( of mass ·<`» 1 TeV ) and that there is an experimental scheme which isNEUTRINOS
argue that it is natural to postulate the existence of at least two "heavy” neutrinoA STRATEGY FOR DISCOVERING HEAVY
vate us to look for evidence that might serve both purposes. In this letter, we will
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correspond to very small mass eigenstates, together with the need to embed our
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with the heavy ones Nt , N`; , , withthe mixing energy O ( m [”l ) much OCR Output
The masses of light neutrino flavors are systematically suppressed by the mixing

behavwm Of the cmss sccllon lz] * [6]
heavy neutrino flavor, that is exchanged in the crossed channel. First, there is the Model and lls mlmmal cxlenslons lll '
We wish to point out here the Characteristic fcatmcg which can be traced back IO a detector. Their signatures stand out from essentially all reactions of the Standard

where the jets reconstruct to W masses. These signals cannot be missed by a goodfl°m°W°ll‘¤f1¤ft·¤sht Symmetric modsls lil] · 141 ¤ l5l ·
The double electron reaction has been studied extensively before, mostly in the

_+ jet _I_ jet I
in the energy regime specified in eq. ( 4 ) .

—•¤‘(u`.r`)+1€t.
[ r = ¤r I a= C M

ts)w - w - -» T · T · + p 1(6)
N ( l

g4=+g=¢ _, wa=+w=r -—•;¢';¢`(T`)+p1m....

__, C - It — I T — I + P I IIIIII Ilptm o reac ionThe giiqueprocess, which satisfies these criteria is the two-electron t__or two like-sign
(6) 2 back-to-back decays into the decay channelsis Pl`€°l“d€d·
for the VV T W if system should provide crucial assistance for singling out process
In addition to this characteristic energy dependence, the spectacular decay channels

_l C + + ll _ + 9 " il- X ’
mediating the reaction at low energies, which is mass to the seventh power.
of a hard process, governed by the lowest dimension of the effective Hamiltonian(5)I " € + + ll" — + X The characteristic rise, displayed by the factor ( s / M Z ) I , signals the onset

6 — + P _,, Nl + X for the reactions in eq. (6 ) .
It determines together with the directional cosines [ § [ [ the absolute cross section

wh d. I d I. I. th I. ele nec Pm uc mul elgl lla e mac Km The overall strength of the Yukawa couplings | h [ can well be of O ( .1 ~ 1 )

(4) Ezlfllgzl`mw<t/s<M,

, ·· - to heaty neutrino flavors in an energy regime 2 I hz=€¢lhlilhl =};zl*¢
We are looking for a strategy to discover characteristic signatures due specifically

level [6] , where flavor mixing is determined by their directional cosines
ln eq. ( 7 ) h ( ; [ = c , ;1 , T denote three Yukawa couplings at the primary

2. ( )M 3 0 1 - 10 T v I 2 ( C )

M ( Tev I 2 M q I 4 W
geometric mean y/ M I M 2 [1], [2]

I 4 Ima fb I
trino flavors just yield an 0rder·of—magnitude estimate for the lower bound of the

(7)S 7 I h g I 2Existing limits on lepton flavor violating reactions and on the masses of light neu

. . . . . couplings in generating all charged fermion masses of standard model fermions. [ _ [ _ W _ H, _ V I —+ · . = 0 ( L L ’
be valid at the unification scale , reflecting the dominance of the ( 27 ) 3 Yukawa



energies well beyond present accessibility. OCR Output
their discovery through direct production, which has to wait for the attainment of
has a unique chance to reveal first indications of heavy-flavored neutrinos prior to
The next generation of lepton colliders, operated in a like—sign initial charge mode,

that are sensitive —— in variable degrees — to these eflects, such as alone determine the success of these searches.
It has been pointed out (10] that similar restriction apply to all low·energy processes

The crucial ratio ,/ s / M, S 1 and the lepton mixing parameters fl will
is possible.

equally spectacular final states.Obviously, for one decay only, no distinction between light and heavy contributions
through potentially selective access to a different mixing to heavy N flavors, with

of double e ‘ decay for definiteness. it proven feasible for like-sign incoming muon pairs, could enrich this capability
quarks in the daughter nucleus ( A , Z + 2 ) . ln eq. ( 10 ) we consider the case and clear interpretability. Recently developed ideas for high energy muon collidcrs,
transition amplitude of two d-quarks in the mother nucleus ( A , Z ) to two u reaction e ‘ e " -—• VV ' W " ( eq. 6 )stands out through its unique signatures
the decay. Y W ,. dd denotes the relative position operator, which monitors the ln the energy regime m w < y/ s $ M. (eq. 4 ) , the lepton·flavor—violating
nr ,, , M M stand for light and heavy Majorana masses of neutrinos mediating

oscillations.ln eq. ( lO ) , the quantities U, , Uy symbolise complex mixing angles, and
distinct from indirect ones transmitted to the light ones, including notably neutrino
10 TeV . It is therefore logical to search for direct signatures of these heavy flavors, as

M N Their lowest two masses, M , , M 2 , are constrained to lie above the band l ——
(.4,2+2)...*6°(:F,,,,,_,id)|A,Z) . (heavy)

heavy neutrino flavors as illustrated in eq. ( 1 ) .U ix
of light neutrino masses ——— it any —— and of lepton flavor violation hnds its root in

UU)
gauge symmetry at the unification scale M mw ~ 10 '° GeV , the generation

·l VF T W ~ .1.1
ln an enveloping framework of unified interactions, operative upon breakdown of

A , Z) ,(A , Z + 2 (light)

Conclusionsrn ,, U3

energy could be reached.
has no realistic discovery chance for a TeV mass JV , even if the necessary CMmatrix elements of the two operators

The light and heavy contributions reduce to the evaluation of nuclear transition

which can be practically excluded.
6+ 6- —+ M V

NLC generation, the reaction
(9)(.4,Z)—+(.~l,Zd;2)+2e*, neither of which is relevant for the present context. ln an e*c‘ collider of the

200 GeV / c I at HERA, to 800 GeV / c ’ at a presumptive LHC/LEP collider
nuclei production via e 'p collisions limits experimental accessibility to masses of some
become apparent only through a systematic comparison of decays involving various Similarly, ui? oscillations are sensitive to light Majorana masses only. Direct N M
from heavy ones, but the distinction between light and heavy contributions can
to Majorana masses of light neutrino flavors. lt is also sensitive to contributions

i1` +(A.Z) ~* ¢' +(A.Z) . ¢*+(A.Z—?) (11¢)
Neutrinoless double beta decay is the most sensitive domain for the ellects due

(11b),.·+e+ ~;.++e·
regime considered ( 4 ) , and are excluded by present limits 0n light neutrino masses.
Tlneir comrilmtions 10 reaction ( 6 ) show no energy mlependcnce in the kinernatic ·—• e + 1 , 3 c (lla)

smaller than the energy dillerence bri<lgccl [8] , [9] .
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