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NegativeT from a dynamical left-handed neutrino mass
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We show how a dynamical Majorana mass for a fourth family left-handed neutrino can make a significant
negative contribution to the electroweak correction parameterT[Dr/a without making a large contribution to
S orU. We also comment on other possible contributions toT in the context of dynamical symmetry breaking.
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The weak-interaction parameterT[Dr/a tends to put
strong constraints on new physics, the most notable com
from the fact that the mass splitting within a new weak ferm
ion doublet makes a positive contribution toT. Another ex-
ample is provided by possible new physics hinted at by t
current electroweak data. A new massive gauge boson w
flavor-dependent couplings can mix with theZ and cause
shifts in theZ couplings to the various flavors. In particular
new boson coupling to the third family1 but not the light
families can account@1# for the anomalously large values o
Gb andasmeasured at the CERNe

1e2 collider LEP. Varia-
tions on this theme have recently been considered for ot
possible anomalies as well@2#. But the mass mixing between
theZ and a heavier bosonX is constrained since it will cause
the physicalZ mass to decrease, resulting in another positi
contribution toT.

It should be kept in mind that mixing in the gauge boso
kinetic terms is also possible, and this will have the oppos
effect onT. If the mixing terms appearing in the Lagrangia
take the form

xmZ
2Zm8X8m2 1

2 yZmn8 X8mn, ~1!

*Electronic address: holdom@utcc.utoronto.ca
1Anomalies are canceled since the new gauge boson has equa

opposite couplings to a heavy fourth family.
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then upon transforming to mass eigenstates with conve
tional kinetic terms we find to lowest order inx andy that

Xm8 5Xm1r ~y2x!Zm , ~2!

Zm8 5Zm1~rx2y!Xm , ~3!

with r[(mZ /mX)
2. Accounting for effects at second order in

x andy as well@3#, the contribution toT at lowest order inr
is

aT5r ~x22y2!. ~4!

In @1# the source of the mixing is at loop, and theX has an
axial coupling to thet. In that casey is fairly small compared
to x, and the result is a positive contribution toT ~of order
0.4!. In other situations the kinetic mixing could dominate
and produce a negative contribution toT.

The main topic of this Rapid Communication is the elec-
troweak corrections induced by a Majorana mass for a lef
handed neutrinonL , a member of a new weak lepton doublet
in addition to the three known lepton doublets. As far as we
know, all other analyses of electroweak corrections induce
by neutrino masses assume either Dirac neutrino mass or
seesaw pattern in which—in the weak interaction basis—
there is a Dirac mass, a Majorana mass for the right-hande
neutrino, and no Majorana mass for the left-handed neutrin
T in this framework was calculated in@4#, andS, T, andU
were studied in more detail in@5#. T can receive a negative
and
R721 © 1996 The American Physical Society
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contribution in the seesaw picture, but since the Dirac ma
is bounded by the weak scale, the magnitude of the nega
contribution toT is quite constrained@4,5#. A pair of lepton
doublets with nonstandard but anomaly-free couplings h
also been considered in a seesaw picture@6#.

The restriction to the Dirac or seesaw scenarios is clea
theories with elementary scalar fields. A MajorananL mass
from a vacuum expectation valuevM of a SU(2)L-triplet
scalar field would imply a tree-level contribution toaT'
2(vM/125 GeV! 2. If we are considering a new neutrino
then vM must be large enough to produce a neutrino ma
greater thanmZ/2. Unless the Yukawa coupling is very large
the result forT is absurdly large and negative.

We therefore turn to the alternative—dynamically gene
ated lepton masses. Dynamical masses for fermions bey
the known three families are of interest for dynamical ele
troweak symmetry breaking. Of special interest for our d
cussion is the case when the right-handed neutrinos are
fectively absent in the TeV theory. In particular, right
handed neutrinos much more massive than a TeV wo
essentially decouple from the TeV dynamics, and this wou
leave any left-handed neutrinos beyond the known three
develop dynamical Majorana masses, which must exce
mZ/2. We believe that this picture is a more plausible ou
come of strong dynamics than the seesaw picture.

If the extra left-handed neutrinos are technineutrinos in
technicolor theory then they would have to be in a real re
resentation of the technicolor gauge group. Alternatively, t
neutrino mass could form in association with the breakdow
of a new strong gauge symmetry, which would otherwi
have prevented the mass from forming. We note that a si
lar phenomena has been proposed for the fourth family qu
masses, in connection with producing a larget mass@7#. In
the following we will simply consider one extra lepton dou
blet (nL ,EL) andER as part of a fourth family, and conside
the effects of a dynamical MajorananL mass onS, T, and
U.

If the left-handed Majorana mass is dynamical, then w
expect a momentum dependent mass function that falls
zero in the ultraviolet. We shall model this momentum
dependent mass by using a constant mass in the presen
an ultraviolet cutoff. We then apply standard Feynman ru
for Majorana fermions@8#. In the one-loop diagrams we sha
consider, the only change from Dirac mass Feynman rule
in the vertices used. In making the transition from a le
handed projection of a Dirac spinornL to a self-conjugate
four-component Majorana spinorN, the charged current ver-
tex remains the same,

n̄ LgmEL→N̄LgmEL, , ~5!

whereas the neutral current is rewritten as

n̄ LgmnL→2 1
2 N̄gmg5N ~6!

The factor of 1/2 will be canceled by the two possible co
tractions involving the vertex~as for a real scalar field!, but
there remains a symmetry factor of 1/2 for the loop diagra
involving the two identicalN’s.
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The contribution toS, T, andU from the leptons (n,E)
may be written in terms of vacuum polarizations of left- and
right-handed currentsPLL

nn (q2), PLL
EE(q2), PLL

nE(q2), and
PLR

EE(q2) @9#,

PLL
ab52

1

4p2E
0

1

dx lnF L2

M22x~12x!q2G@x~12x!q2

2 1
2M

2#, ~7!

PLR
ab52

1

4p2E
0

1

dx lnF L2

M22x~12x!q2G@ 1
2mamb#, ~8!

M25xma
21~12x!mb

2, ~9!

whereL is the ultraviolet cutoff. In the Dirac mass case the
L dependence cancels inS, T, andU. For further details on
this case we refer the reader to@10#, which includes a dis-
cussion on the application of the constant mass approxima
tion to dynamical masses and an estimate of possible contri
butions from pseudo Goldstone bosons.

To change from the Dirac mass case to the Majorana cas
~ nL to N! we make the replacements

PLL
nE~q2!→PLL

NE~q2!, ~10!

PLL
nn ~q2!→ 1

2PAA
NN~q2!5PLL

NN~q2!2PLR
NN~q2!, ~11!

to obtain

T5
p

s2c2MZ
2A~0!, ~12!

S5
4p

MZ
2 @B~MZ

2!2B~0!#, ~13!

U5
4p

MZ
2 @A~MZ

2!2A~0!#, ~14!

A52PLL
NE2PLL

NN2PLL
EE1PLR

NN , ~15!

B5PLL
NN2PLL

EE22PLR
EE2PLR

NN . ~16!

FIG. 1. Lines of constantT as a function of theN andE masses
in TeV. Thick and thin lines are forL51.5mN andL52mN , re-
spectively. In each case, from top to bottom,T522,21,0.
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These expressions are applicable even when the ferm
masses are not large compared toMZ .

The extraPLR
NN term inA andB is due to the Majorana

mass. It arises because of a diagram in which one Majora
mass insertion appears on both of the internal fermion line
This leads to aL dependence inT but not inS andU, and it
is clear from Eq.~8! that the new contribution toT is nega-
tive and proportional to2ln(L/mN). In a theory with el-
ementary scalar fields thisL dependence would be cancele
by matching to a renormalizable term in the underlyin
theory, namely the gauged kinetic term for th
SU(2)L-triplet scalar field. In dynamical symmetry breaking
there is no such field, and theL cutoff corresponds to a
physical cutoff supplied by the momentum dependence
the neutrino mass function.

We therefore estimateL as follows. Since we have iso-
lated theL dependence to that appearing in the quanti
PLR(0) ~which is equivalent to the Goldstone-boson deca
constant!, we apply the standard Pagels-Stokar approxim
tion @11# to this quantity. This accounts for the momentum
dependence of the fermion massS(q2) appearing in the
loop, and amounts to fixing theL dependence appearing in
PLR

NN(0) from Eq.~8!

lnS L2

mN
2 D→E

0

`

dw w
S~w!22w@S~w!2#8/4

@w1S~w!2#2
, ~17!

with S(w)[S(q2)/mN , w[q2/mN
2 , S(1)[1. We find that

S(w)52/(11w) corresponds toL'1.5mN while a more
slowly falling function such asS(w)510/(91w) corre-
sponds toL'2mN . We will consider both of these values
for L.

We present the contributions toT ~Fig. 1! andS andU
~Fig. 2! from the lepton doublet as a function ofmN and
mE . In Fig. 1 the thick~thin! lines correspond toL51.5
~L52!, and the lines in each case from top to bottom corr
spond toT522,21, and 0. TheT50 line corresponds to
where the positive contribution toT from the N–E mass
splitting cancels the negative contribution from the Majoran
N mass. We see that negative values ofT occur over a wide
range of masses. In Fig. 2 the thick lines showS51/6p,0,

FIG. 2. Thick and thin lines are lines of constantS and U,
respectively, as a function of theN andE masses in TeV. From top
to bottom in each case S51/6p,0,21/6p and
U521/12p,0,16p.
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21/6p and the thin lines showU521/12p,0,1/6p ~1/6p is
the usual contribution toS from one degenerate, Dirac-mass,
doublet.! The fact that theS contribution is negative for
mN sufficiently small compared tomE was stressed in@10#.

TheS, T, andU contributions may all be small simulta-
neously. In fact it accidently happens that theS50 line in
Fig. 2 coincides with theT50,L51.5 line in Fig. 1. We see
that to have substantial negativeT without substantial posi-
tive S, larger values ofmE are preferred. Then for those
values ofmN that give interesting negative values ofT, both
S andU are small. Significant negativeS along with nega-
tive T would only be possible if our estimate of the effective
cutoff L is an underestimate.

We now briefly discuss other contributions toT in the
context of dynamical electroweak symmetry breaking. The
problem withT is especially severe in extended technicolor
models that introduce new isospin-breaking physics close to
a TeV, in order to generate the larget mass. It has become
abundantly clear@12# that this new physics produces unac-
ceptably large, positive contributions toT; the problem may
be expected whenever new TeV mass gauge bosons with
isospin-violating couplings have substantial couplings to the
TeV mass fermions. Realistic theories must not have such
gauge bosons.

Even without such gauge bosons we can identify a mini-
mal contribution toT that arises as long as thet mass is
being fed down from a TeV mass weak doublet, sayQ
5(U,D), via some effective 4-fermion operator. Theb mass
comes from a correspondingly smaller 4-fermion operator.
Let us consideronly the effects of thet-mass operator.~See
@7# for a situation in which other isospin-violating 4-fermion
operators are suppressed, since they do not have the sam
anomalous scaling enhancement as thet-mass operator.! The
point is that the isospin breaking inherent in thet-mass op-
erator will feed back and split theU andD masses. Two
insertions of thet-mass operator~on a t loop! will yield the
operator (1/LD

2 )Q̄LQRs3RQ̄RQL , which in turn contributes
to Dm. The result is a positive contribution toT:

T}
Dm2

f 2
'

^Q̄Q&2

f 2LD
4 '

~4p!2f 4

LD
4 . ~18!

This LD operator implies another contribution toT since
it induces a small isospin conserving coupling of theZ to
QL . An additional contribution to theZ mass is then gener-
ated by aQ loop with two insertions of the newZ coupl-
ing.2 This will have the same sign as the main contribution
to theZ mass from the standardQ loop, and the resulting
increasedZ mass implies a negative contribution toT. But
the new coupling of theZ toQ is proportional tof 2/LD

2 , and
thus the resulting contribution toT will lack the factor of
(4p)2 appearing in Eq.~18!. The contribution in Eq.~18!

2Another way to describe this contribution is to say that two in-
sertions of theLD operator generates the operator (Q̄Rs3gmQR)

2,
which in turn contributes to theZ mass.
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will dominate and thus the total contribution toT originating
from the t-mass operator is expected to be positive.

In summary, theories attempting to explain thet mass in a
dynamical context generally produce positive contributio
to T, in conflict with data. We are suggesting that this p
ns
e-

dicament may have implications for the origin of neutrin
mass.

I thank V. Miransky for discussions. This research wa
supported in part by the Natural Sciences and Engineer
Research Council of Canada.
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