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Light unstable sterile neutrino
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The three massless actit@ouble} neutrinos may mix with two heavy and olight sterile(singley neutrino
so that the induced masses and mixings among the former are able to explain the present data on atmospheric
and solar neutrino oscillations. If the LSND result is also to be explained, one active neutrino mass eigenstate
must mix with the light sterile neutrino, and the fit is improved if the latter also decays quickly enough to evade
the CDHSW data. A specific model is proposed with the spontaneous and soft explicit breaking of a new global
U(1)s symmetry so that a sterile neutrino will decay into an active antineutrino and a nearly massless pseudo
Majoron.

DOI: 10.1103/PhysRevD.64.117303 PACS nuniferl4.60.St, 13.35.Hb, 14.80.Mz

Present experimental dafa—3] indicate that neutrinos mass eigenstates. Withy less thanM by an order of mag-
oscillate. Hence they should have small nonzero masses amude, the mixing ofS with v is still small; hence the pre-
mix with one another. This may be achieved without addi-ymaply large mixings among the 3 active neutrinos them-
tional fermions beyond those of the minimal standard modeke|yes are sufficient to explain the atmosphgticand solar
by a heavy Higgs triplef4,5]. On the other hand, most the- 2] heutrino data. This leaves the Liquid Scintillation Neu-
oretlc_:al approaches assume the _addltlon of 3 smg_let neutrglino Detector(LSND) data[3] to be explained by having a
ferm|ons(usually. cons,ldered. as right-handed neutrifig. neutrino mass eigenstate which is mosput with small
In that case, a Dirac mass;, linking the left-handed doublet  amounts ofv, and v, . This is in fact the only motivation for
neutrinosy with Ng as well as a Majorana masé for Nz our consideration, in the hope that the LSND result will be

are allowed, thus yielding the famous mass matrix proven correct.
In addition to the one ligh§ and the two heaviN’s, we
0 mp supplement the particle content of the standard model with a
M= my M (1) scalar singlety® and an extra scalar doublet=(7",7°),

together with a new globalU(1l)s symmetry such that
(S,x°, ») have charges (32,— 1), respectively. The reason
or this added compexity is the theoretical difficulty of

M =0; but thenm,, would have to be extremely small, which achieving a small mass f@as well as the mixing of with

is considered rather unnatural. The conventional solution of '’ Even more difficult is to makeS decay quickly. (In
. . o . urely phenomenological discussions of sterile neutrinos,
this problem is to not considdd(1), at all so thatM is

wrall | dsi tbe | than th these important theoretical problems are simply ignored.
haturally very large and sina@p cannoilltze arger than t€ 16 relevant terms of the Lagrangian involving these fields
electroweak breaking scate=(22Gg) " ?=174 GeV, a

5 > y ) are then given by
small massm,=mg/M is obtained[6]. This of course re-
quiresM to be many orders of magnltu_de greater thaand _ hx°SS+f,S(v;7°—1;7") +H.c. )
renders it totally undetectable experimentally. Recently, it
has been pointed o(i7] that if my comes from a different
Higgs doublet with a suppressed vacuum expectation vaIuEe
(VEV), thenM may in fact be only a few TeV or less and
become observable at future colliders.

In this Brief Report we consider the case where hoth
andM are small forone(call it S) of the three singlets, but
mp is still less thanM by perhaps an order of magnitude.
This is in contrast to the pseudo Dirac scendfd i.e. M

At this point, one may impose the conservation of lepto
number as an additive global symmetry, ild(1),, so that

Using the canonical seesaw mechan{ghwith the two
avyN’s, we obtain two massive neutrino eigenstates in the
conventional way. The originalX$6 neutrino mass matrix is
reduced to a X4 matrix spanning #;,v,,v3,S). Its most
general form is given by

0 0 0 wm

<<mp, in which case neutrino oscillations would be maxi- 0 m, 0 pup
mal between active and sterile species, in disfavor with the M,s= 0o 0 m ' ()
most recent datgl,2]. Before discussing the theoretical rea- 3 M3
sons formp and M to be small, consider first the phenom- M1 m2 pz M

enology of such a possibility. The 3 active neutrings v, ,
v, are now each a linear combination of 4 light neutrinowhereM =2h({x°) and u;=f{ 7°).
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To obtain(#°)~0.1 eV, consider the part of the Higgs st , 2. »
potential involving 7, i.e. Pﬂe=§ 1+x°—2x T ~10"°, (8)

where s=sin# and x=exp(—MI'L/2E) is the decay factor.
(In the usual case of a stable sterile neutrihez0 so X
=1.) The decay ratd" is easily calculated to be

e h2s2c2M 0.16M h?\[ s?\( c?
T 27 47/)10.1/\0.9/

1
Vo, =mog nt S A" )+ ha(" ) (@TD) + N y(7'®)

X(®T ) +[ugn'®+H.cl, (4)
9
where® is the usual standard-model Higgs doublet and the

2 . .
wo term breaksU(1)s softly. The equation of constraint for \ich is of the right order of magnitude for it to be signifi-

0 _ . .
(7°)=u is then given by cant[13] in affecting the interpretation of the LSND data in
terms ofboth oscillation and decay.

u[m%Jr A U2+ (A g+ N )v2]+ piv=0, (5) The 4x4 neutrino mixing matrix is now given by
1 W2 12 U2 O v,
wherev =(¢%). Formfl>0 and large, we then have vy “eZ o2 o2 s ’
o vs| | 0 —1y2 w2 of| v |’
=-T7- (6) vy sl2 —sl2 -sl2 c|L S
7 (10
Letm,~1 TeV anduo~1 MeV, we obtainu~0.1 eVas with m;=0, my= m,— u3/M=0.007 eV, my=mj

=0.05 eV, andm,=M~ few eV. The phenomenology of
To obtainz=(x%~1 eV, we use theshining mecha- this scheme for atmospheric and solar neutrino oscillations
nism[9] of large extra dimensions, whej€ is assumed to has been fully described previougli3]. We emphasize here
exist in the bulk and its VEV on our brane is suppressedhe most important prediction of this model, i.e., the decay
because of its distance from the source braneU¢f)s
breaking. For consistency, thé’SSinteraction is replaced
by zexp(\2¢/z)SS This has been explained fully in a pre-
vious papef10]. The important difference here is tHa{1)s ~ where{ is the pseudo Majoron. Sinog, from the Sun has a
is also broken explicitly so that the would-be massless Goldv, component, it will decay inta, on its way to the Earth.
stone bosor, i.e., the Majoror{11,12), is not strictly mass-  The |atter will be observed as, in detectors such as
less. On 'Fhe other hand,_its mass may still be very small. WgoRrEXINO and perhaps SNO. The advantage of having
may call it a pseudo Majoron. . _ . decay is to evade the indirect constraint from the CDHSW
Returning to Eq(3), we assume for definiteness a bimaxi- gxperimen{14] on the LSND allowed parameter space for
mal pattern of mixing among the active neutrinos, i.e., neutrino oscillations. Numerical details are given in Ref.
[13]. Without decay, the (3 1) scheme of neutrino masses

desired.

va— Vot (1)

v 112 1/2 1277 v, may be disfavored15]. Note also that in our model, the

, pseudo Majoron does not couple to the active neutrinos, oth-
Va1 =1 — 12 12 V2w, (7 erwise there would be significant bounds on the correspond-
Vs 0 —1n\2 2]l v, ing coupling strengthgl6]. The decay of neutrinos from the

Sun also applies to neutrinos from supernovae. Sincethe
component is smallof order 10°?), its has no observable
effect in that case.

The effective number of neutrindd, for successful nu-

together with theansatzthat w, and w5 are negligible. In
that case, only;, mixes significantly withS The eigenstates

are thusvjcosé+Ssin @ with massmj— u5/M~0.007 eV cleosynthesi§l7] is probably not greater than 4. In our sce-
and Scosf—w,sing with massM~ few eV, where sir®  nario, it appears thall,=4+ (8/7), counting as wel§ and
=—u,/M. Hence the latter decays into the conjugate of they?. However, these two fields decouple from the standard-
former and the pseudo Majoron with coupling model particles at the scai , which we take to be 1 TeV.
2\/2hsindcosé. (If all u;'s were of the same order of mag- This means that whereag , . are heated by the subsequent
nitude, the present observed neutrino oscillations cannot bennihilations of nonrelativistic particle§ and x° are not
explained, unless the 3 active neutrinos are almost degendrt8]. Thus the number densities of the latter are greatly sup-
ate in mass, requiring thus a high degree of unnatural finpressed at the time of nucleosynthesis in the early Universe
tuning of parameters. Also, the nonzero overlap Vithould  andN,<4 is easily obtainedl19].

makev; and v, decay intov,.)

In conclusion, we have constructed a specific model in

The v,— v, probability in the LSND experiment is given this short note in the framework of 3 actiydoublej and 3

y23
by [13]

sterile (singled neutrinos. Two of the latter are heavy, pro-
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viding small seesaw masses for two active neutrinos. Theoftly broken, so that it decays into an active antineutrino
third sterile neutrino is light and mixes with one of the mas-and a nearly massless pseudo Majoron.

sive active neutrinos. Together they allow all neutrino-

oscillation data to be explained in a hierarchical pattern of This work was supported in part by the U. S. Department
neutrino masses. The light sterile neutrino is associated witbf Energy under Grant No. DE-FG03-94ER40837. G.R. also
a new globalUu(1)s symmetry which is spontaneously and thanks the UCR Physics Department for hospitality.

[1] Super-Kamiokande Collaboration, S. Fukweteal, Phys. Rev. [10] E. Ma, G. Rajasekaran, and U. Sarkar, Phys. Le#98 363
Lett. 85, 3999(2000 and references therein. (2000.

[2] Super-Kamiokande Collaboration, S. Fukwetal., Phys. Rev.  [11] Y. Chikashige, R.N. Mohapatra, and R.D. Peccei, Phys. Rev.
Lett. 86, 5656 (2001), and references therein; see also, SNO Lett. 45, 1926(1980.

Collaboration, Q.R. Ahmaet al, ibid. 87, 071301(200J). [12] J. Schechter and J.W.F. Valle, Phys. Re23)774(1982; For

[3] A. Aguilar et al, Phys. Rev. D(to be published hep-ex/ its application to 4-neutrino models, see for example J.T. Pel-
0104049; see also LSND Collaboration, G.B. Mills, Nucl. toniemi, D. Tommasini, and J.W.F. Valle, Phys. Lett.2B8
Phys. B(Proc. Supp). 91, 198 (2001, and references therein. 383 (1993; J.T. Peltoniemi and J.W.F. Valle, Nucl. Phys.

[4] E. Ma and U. Sarkar, Phys. Rev. Le#0, 5716(1998. B406, 409 (1993.

[5] E. Ma, M. Raidal, and U. Sarkar, Phys. Rev. L& 3769 [13] E. Ma, G. Rajasekaran, and I. Stancu, Phys. Rev6D
(2000. 071302R) (2000.

[6] M. Gell-Mann, P. Ramond, and R. Slansky, Supergravity  [14] F. Dydaket al, Phys. Lett.134B, 281 (1984.
edited by P. van Nieuwenhuizen and D. Z. Freedrtidorth- [15] M. Maltoni, T. Schwetz, and J.W.F. Valle, hep-ph/0107150,

Holland, Amsterdam, 1979p. 315; T. Yanagida, ifProceed- and references therein.
ings of the Workshop on the Unified Theory and the Baryon16] See, for example, M. Kachelriess, R. Tomas, and J.W.F. Valle,
Number in the Universeedited by O. Sawada and A. Suga- Phys. Rev. D62, 023004(2000; R. Tomas, H. Pas, and J. W.
moto (KEK, Tsukuba, Japan, 1979p. 95; R.N. Mohapatra F. Valle, ibid. 64, 095005(2001).
and G. Senjanovic, Phys. Rev. Letd, 912 (1980. [17] C.J. Copi, D.N. Schramm, and M.S. Turner, Phys. ReG®
[7] E. Ma, Phys. Rev. Leti86, 2502(200J). 3389(1997; N. Hata, G. Steigman, S. Bludman, and P. Lan-
[8] For recent discussions, see for example M. Kobayashi and C.S.  gacker,ibid. 55, 540 (1997; K.A. Olive and D. Thomas, As-
Lim, Phys. Rev. D64, 013003(2001); B.H.J. McKellar, G.J. tropart. Phys11, 403(1999.

Stephenson, Jr., T. Goldman, and M. Garbutt, hep-ph/010612118] K.A. Olive, D.N. Schramm, and G. Steigman, Nucl. Phys.
[9] N. Arkani-Hamed and S. Dimopoulos, hep-ph/9811353; N. B180, 497 (1981).

Arkani-Hamed, L. Hall, D. Smith, and N. Weiner, Phys. Rev. [19] J. Ellis, K. Enqvist, D.V. Nanopoulos, and S. Sarkar, Phys.

D 61, 116003(2000. Lett. 167B, 457 (1986.

117303-3



