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Heavy neutrino mixing effects in helicity amplitudes for the processutu-—W*w~
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The helicity amplitudes for the procegs' ™ —W*"W™ are reevaluated with the inclusion of heavy neu-
trino mixing with the standard light neutrino. The effects of mixing are parametrized as a fractional change
AM*” in the helicity amplitude for thé-channelv,, exchange. The behavior Afv* ” is examined. It is found
that for a heavy neutrino massy=10GeV and scattering anglé=90°, AI\7I’”=O.OO]UV,\,|2 at s
=200 GeV andA M* ¥=0.00002U ,,|? at /s=800 GeV. The heavy neutrino mixing effects tend to vanish in
the limit my<<+/s even if the mixing element , is large.
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Neutral heavy leptons or heavy neutring$Ns) are pre-

dicted by various extensions of the standard mo) where the matriXJ diagonalizes the neutrino mass matrix.

[1-3]. These HNs can mix with standard light ngutru{%_ The elementdJ;; are constrained by the relations
Although recent searches for HNs reveal no evidence in the

mass range 0.25—-2.0 GeV, the existence of more heavy neu-
trinos is not ruled ouf4].
The physics potential of high energy muon collidgss]

|UVV|2:1—|UVN|2' |UNN|2:l_|UNV|21

has opened the prospect for a detailed studywdfoson pair U, Ul = —U.nUn- @
production in the procesa ™ u~—W*W~. In the SM this _ o _ _
occurs at the tree level through the dominawchannely, Z The heavy neutrino mixing when included in the SM

exchangdgFig. 1(a)] andt-channel neutrino ,) exchange theory does not change thg WWy, (i) WWZ (iii) yupu,
[Fig. 1(b)]. The Higgs-boson exchand€ig. 1(c)] cancels @nd (iv) Zuu couplings. However, theV,, coupling is
the bad high energy behavior for the production of longitu-medified. The SM interaction Lagrangian, relevant for ascer-
dinally polarized W bosons in case of massive muons t&ining changes iV, coupling in weak eigenstate basis, is

(growth of swave scattering amplitude ags). If mixing
between light and heavy neutrinos exists, it results in two
effects: (i) the W, couplings are modifiedreducedi and

(i) an additionalt-channel heavy neutrinoN(,) exchange
[Fig. 1d)] contributes. With a view to discern the heavy wheree is the positron charge anél, is the weak mixing
neutrino mixing effects, we evaluate in this Brief Report theangle. Using Eq(1), the L;, in the mass eigenstate basis
helicity amplitudes for the procegs” u~—W*W~ withthe  becomeg9]

inclusion of heavy neutrino mixing. We parametrize the mix-

I—int

e
:m[(;ZL’yM/LE)W;‘FH.C.], (3)
W

ing effects as a fractional change in the helicity amplitude ut w* ut w*
contribution from the neutrino exchange diagram. We retain
the muon mass terms to examine the effects of mixings on Y,Z
the cancellation of bad high energy behavior. ks
= w - w-
(a) A (b)

Il. HEAVY NEUTRINO MIXING AND MODIFIED
HELICITY AMPLITUDES .
A. Mixing model w? \ w
A general discussion of mixing between known neutrino H
fields and new heavy neutrino fields is available in R@f.
When mixings are allowed, the neutrino mass eigenstates
(v,,N 5‘) are related to the weak interaction eigenstates o (o w u (q w”
(vﬁ,N ) by a unitary transformatiof8] !
FIG. 1. (a) Dominants-channely- andZ-exchange diagrantb)
t-channel v,-exchange diagram(c) Higgs-boson exchange dia-
*Email address: nagawat@hotmail.com; nagawat@rediff.com gram, and(d) additionalt-channelN ,-exchange diagram.
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TABLE I. The explicit form of theA;/’;Z, A;%Z, Bux. B, Cix» C,, andH,; coefficients.
(\,N) AZ;Z B Cin A;\%Z B;; C;\; Ha
(+,0 1-(B+0)p?
2 2 2(1+pB)/ 1 1 -
o~ o ARl 1-(B-0)
(0,4) 1+ (B+0)B?
2 2 2(1—-pB)/ 1 1 -
o B 2Pl L+ (8- o)
(+,+) 1 1 12 1/2y cosbi2y cosd2y® —1/4y
(=)
(0,0 2y?+1 292 2/y? (2y?+1)12y  y(B+cosb) cosdly® y(1+ B2 14
eUs, . =\1—(4m2/s), y=\s/2my, s=total c.m. energy, and
Lint:m[(”uﬂﬂﬂﬂwﬁ H.c] m,, My, mz, andmy the masses of the muow, Z, andH
bosons, respectivelyare
eU’IjN N -+
M[(NML')’M/LL)WM_"H-C-]- 4)

The heavy neutrino mixing) reduces th&V, , coupling by
a factorU?, and(ii) induces aWNu coupling which allows
an additionat-channel heavy neutrina\(,) exchanggFig.

1(d)] contribution.

B. Helicity amplitudes
The helicity amplitudes for the process

~ ) v2m,
M7= = Bd|aq1A5 930, BaAa',Om—W

XA (8, 1+ cosb o), (8

~ Oro-1 |,z S
zZ_ _ %0, .
M™=B| dlava™ 3 ir? 9\,\,) Ms—mj3

vam, 1
X 83,11 Baco 1= 1er O

po (ko) +pt (k=W (@) +W @A) () Mw
1Z

(where the arguments indicate the four-momenta and helici- XAS o2 (835 COSO3;0), C)
ties of the respective particleare calculated following the z
technique described by Hagiwaret al. for the process
e"e" =W W [10]. We include heavy neutrino mixing and am 1 s
the Higgs-boson contribution and retain the muon mass MH= =8y, —b = H\x > 03 0
terms to see the effects of heavy neutrino mixings on the O my 2 6y, Ms—myg o
cancellation of bad high energy behaviad]. Following the (10)

Ref. [10], we separate the contributions to the helicity am-
plitudes from the various graphs in Fig. 1 [d<2]

Mo an(0)=v26*M , ()AL 1, (6), (6)

whereAN=\—X\, Ao=(0—0)/2, Jo=max(Aa],A\|), and
0 is the scattering angle &/~ with respect to the.~ direc-
tion in theu™ ©~c.m. frame. Thediomm are thed functions
[13]. Jp is the minimum angular momentum of the system.
The amplitudeM ,;  includes contributions from the, Z,

v,, N,, andH exchange diagrams of Fig. 1, i.e.,

M=M"+MZ+M*?+M*N+MH, (7)

where the asterisk on theandN contributions is to remind
us of mixing-modified terms. Th”, MZ, andM" contri-

Here the first term itM ?,MZ is the same as that in R¢fL0].

The second term itM?,M? and the contribution fronM"
arise due to the retention of muon mass tefrh&|. The

coefficientsA,y , A;;, andH, are given in Table I. The
neutrino-mixing-modified helicity amplitudes are

M*¥=|U,,|>M" (11
and

1+ B?—2B cosh ~
2 =M’ (12
1+ B“—2pBcoséd+(4my/s)

M*N:|UVN|2

butions are not affected by the heavy neutrino mixings. The

explicit forms of these contributions [with S

with
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- —V2 83,2 2m,
M? Oro, -1t Or00\ 377

T Sir? 6y 1+ 32— 23 cos ' ON3 s

1 ) B.~ C)\)\
NPT owB| T2 PN 14 g2—28 cosd
vZm, 1( Cs
SR p— my 2\ M 1+p2-28cosh
X (83,11 6350 |- (13

Here theM” is the contribution of the-channel neutrino

exchange in the absence of neutrino mixing. The terms with-

outm, are the same as those in REI0]. The extra terms

with 6,, 0 arise due to retention of muon mass. The coeffi-

cientsB,, B, -, C,y, andC,-are given in Table .

Ill. HEAVY NEUTRINO MIXING EFFECTS AND HIGH
ENERGY BEHAVIOR

We combine the heavy neutrino mixing modified helicity
amplitudesM** andM* " in the following form[using Eq.

2]

M**+M*N=M"(1-AM*"), (14
where
- 1+ B2—2Bcosh
AM*"=|U % 1— . p—2p .
1+ B“—2pBcoso+(4my/2)
(15

The parameteA M* ” aggregates the heavy neutrino mixing
effects although heavy neutrino mixing adds one more
t-channel heavy neutrino exchange diagram, but the overall
effect is to reduce the neutrino exchange contribution in the
helicity amplitude[Eq. (14)]. We note the following.

(i) In the presence of heavy neutrino mixing, the helicity
amplitudesM ¥, M%, andM" remain unaffected, while the
t-channel neutrino exchange helicity amplitude is modi-
fied toM*(1—AM*?).

(i) The fractional chang& M*” in the helicity amplitude
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FIG. 2. The variation ofAM*"/|U,|? with (a) Vs, the c.m.
energy,(b) my, heavy neutrino mass, arid) scattering anglé6).

=(0,0)]. In the SM, this is canceled by th¢-exchange con-

for t-channel neutrino exchange, occurring due to heavy nedribution. To see the effects of heavy neutrino mixing on this

trino mixing, is always less thafu,y|?, whereU,y is the
heavy neutrino mixing parametgsee Eq.(15)]. In Fig. 2,
the dependence afM**/|U |2 on (a) /s for differentmy
values,(b) my for different \Js values, andc) 6 for a fixed
Js and differentmy, values is shown.

(iii ) In the high energy limit, the heavy neutrino mixing
effects tend to vanisleven if mixing is largg that is, for
Js>my, 4mZ/s—0, and as a resuliM* "—0.

(iv) Since the muons are massive and may therefore be
found in wrong helicity states, thewave scattering ampli-
tude which exists in this cageasel,=0) grows asys for

the production of longitudinally polarized/ bosong (\,\)

017302-3

fH=—

M*V+M*N

from Egs.(8)—

1 (1 2mw)( s
mey st s )|

mW 4v2 sir? Oy

cancellatlon we COﬂSldQﬂ,R(L),u,R(L)HWL W, , that is the
=0, Ac=0 case. For§=90°,

havel\~/l =0, M?=0,

(13) we

|

(1-AM*7)s.
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FIG. 3. The variation ofM* "+ M*N+M"| with /s for various
values of the heavy neutrino masg and mixing parametdi) |2
for the procesgup yirqy—W, W, at 6=90°.

We plot in Fig. 3 the helicity amplitudgM*”+M*N
+MM| as a function ofys for heavy neutrino massny
=50GeV, 100 GeV and|U,|?=0.1 (small mixing,
|U,n|2=0.9 (large mixing [2] along with SM expectations.
We takem,=105.658 MeV, m,,=80.41 GeV[2]. For the
Higgs-boson mass, we take a representative vatye
=125 GeV[14]. Our conclusions are summarized below.

IV. CONCLUSIONS
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tional changeAM** in the helicity amplitude contribution
from the t-channelv, exchange diagram. We find the fol-
lowing.

(i) AM* < |U 5|2, whereU ,y is the heavy neutrino mix-
ing parameter.

(i) The dependence &fM* " on (a) \/s, (b) my, and(c)

0 is as shown in Fig. 2.

(i) We note from the data for Fig. 2 that famy
=10GeV at /s=200GeV, AM**=0.007U,n|?> and for
my=10GeV at \s=800GeV, AM*”=0.00002U 2.
Thus, even if the neutrino mixing parametdr, is large,
say, |U,n|?>~1, then in the high energy limit \(s
=800 Ge\) the fractional changeAM*”"~0.002% formy
=10GeV andAM* "~ 0.8% formy=50 GeV. At extremely
high energiedi.e., Vs>my), the heavy neutrino mixing ef-
fects tend to vanishAM*”—0).

(iv) From Fig. 3 we note that at low energies the neutrino
mixing effectively reduces the neutrino exchange contribu-
tion, enhancing the value of |l\7|*(neutrino)

+ M (Higgs boson) contribution in comparison to the SM
value. At high energies, the neutrino mixing effects decrease.
In the limit ys—%, asAM**—0, the neutrino mixing ef-
fects tend to vanish even i) |? is large.

ACKNOWLEDGMENTS

One of us(J.K.S) acknowledges financial assistance re-

We considered heavy neutrino mixing effects in the helic-ceived from the University Grants Commission, New Delhi,

ity amplitudes for the process* u~—W*"W~. We param-

and Director, College Education, Jaipur for granting aca-

etrized the mixing effects of heavy neutrino mixing as a frac-demic leave.

[1] M. Gronau, L. N. Leung, and J. L. Rosner, Phys. ReV2®
2539(1984.

[2] Particle Data Group, C. Caset al, Eur. Phys. J. C3, 1
(1998.

[3] R. E. Shrock, Phys. Rev. R4, 1232(1981); P. Kalyniak and
J. N. Ng,ibid. 24, 1874(1981); A. K. Nagawat, S. Singh, and

N. K. Sharmajbid. 42, 2984(1990, and references contained

therein.
[4] A. Vaitaitis et al, Phys. Rev. Lett83, 4943(1999.

[9] We assume that the heavy neutriNg is either in singlet or
doublet representation. It may be noted that the couplings are
only strictly correct when the heavy neutrinos are in singlet or
doublet representations, as is assumed here.

[10] K. Hagiwara, R. D. Peccei, D. Zeppenfeld, and K. Hikasa,
Nucl. Phys.B282 253 (1987. The references for earlier im-
portant contributions to the subject are given therein.

[11] In Ref.[10], the Higgs exchange contribution is not included
and also lepton mass terms are neglected.

[5] V. Barger, M. S. Berger, J. F. Gunion, and T. Han, Phys. Rev[12] We omit a sign factore which is not required in the Jacob-

D 55, 142 (1997.

[6] M. S. Berger, “Muon Collider Physics at Very High Ener-

Wick phase convention; see the footnote on p. 263 of Ref.
[10].

gies,” hep-ph/0001018; “SUSY Thresholds at a Muon Col- [13] M. E. Rose Elementary Theory of Angular Momentyiiley,

lider,” hep-ph/0003128.
[7] P. Langacker and D. London, Phys. Rev3B) 886 (1988.
[8] In the neutrino mixing model considered here, the I&ftht-)
handed heavy neutrinos are mixed with leftight-) handed
standard neutrinos of the same family.

New York, 195%. Thed functions are also given in RgR], p.
183.

[14] D. Zeppenfeld, R. Kinnunen, A. Nikitenko, and E. Richter-

Was, “Measuring Higgs boson couplings at the LHC,” Report
No. CERN-TH/2000-039.

017302-4



