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Supersymmetric model of the muon anomalous magnetic moment and neutrino masses
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We propose the novel lepton-number relationdhjp- L+ L, , which is uniquely realized by the interaction

(ven—ev,)7° in supersymmetry and may contribute to the muon anomalous magnetic moment. Neutrino
massegwith bimaximal mixing may be generated from the spontaneous and soft breaking of this lepton

symmetry.
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In the minimal standard model of particle interactions, the h2m2 [ 2 1
3 lepton number&, L, , L, are separately conserved auto- Aa,= % L ( — = —2) 3)
matically. If it is extended to include supersymmetry, the m e Moe
assignment ot ., L, , andL, becomes more complicated.
However, it has been shown some time agjpthat there are Similarly,
actually 17 well-defined models: 1 with 3 lepton numbers,
i.e. the minimal supersymmetric standard mod¢ESM), 6 h2m2 [ 2 1
with 2 lepton numbers, 9 with 1 lepton number, and 1 with Aag= —— |, (4)
no lepton number, i.e. the generBtparity violating (but 96m m, M.
baryon-number conservingsupersymmetric model. Three
such models are particularly interesting because they require h2m? [ 2 5 1 1
only one additional term in the superpotential beyond that of Aa.= - = (5)
the MSSM, i.e., T96m° | m? m om mi
Iz
wzh(;eﬁ_é;ﬂ);ﬂ (1) Of all the possible effective four-fermion interactions

which can be derived from Ec(2) only two are easily ac-

and its two obvious permutations. These terms are umqu‘éGSSIbIe exper|mentallyz—>ev ve through7° exchangd7]
because they are the only ones allowed by the conservatlcﬁ*nde e —7 7~ throughy, exchange. For simplicity, both
of two lepton numberd1] with the patterne~(1,0), u 7° ande may be assumed to be heavy, say a few TeV, so the
~(0,1), andr~(1,1) for the example given above. coupling h is allowed to be of order unity in Eq2). To

In this paper we will show that this extra term allows aobtainAaM~10‘g to account for the possible discrepancy of
significant contribution to the anomalous magnetic momenthe experimental valug2] with the standard-model expecta-
of the muon[2], independent of other possible MSSM con- tion [8], we needv, to be relatively light, say around 200

tributions[3]. We then break this symmetry softly and spon- GeV. We have no understanding wh§jand, should be so
taneously, and show that neutrino masésigh bimaximal . ~ ) #
much heavier tham,. However, given that we have chosen

mixing) are easily obtained for an explanation of the atmo—E 1 del. sianificant diff the |
spheric[4] and solaf5] neutrino observations. g. (1) as our model, signiticant diferences among the lep-
ton families are to be expected.

The interaction terms of the Lagrangian resulting from . . . .
Eq. (1) are given by Our model as it stands forbids neutrino masses because it

conserved . andL, (with L,=L.+L,). Consider now the
~ 5 ~ soft breaking of these lepton numbers by the terms
Lingz=h(veu—ev,)*+h(ver*u—erv,)
~ ~ 1.hy—v,0) 6
+h(,U«7'CVe_ V’uTCe)‘FH.C. (2) /'La( a'l2 Vo 2) ( )
in the superpotential, i.e. the so-called bilin€&aparity vio-
Hence there are 2 contributions to the muon anomalous madgtion [9]. In that case, the 44 neutralino mass matrix of
netic moment as shown in Fig. 1. They are easily evaluatethe MSSM must be expanded to include the 3 neutrinos as
[6] and we obtain well as to form a X7 mass matrix. It is well-known that
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FIG. 1. Contributions to the muon anomalous magnetic moment.

onetree-level mass, corresponding to a linear combination of 1 (3+x)ay 1 (1+3x)a,
ve, v, andv_ is now obtained. In this scenario, the scalar v=—|1l-——=|v, —[ =V,
neutrinos also acquire nonzero vacuum expectation values V2 8\/532 2 8\/532
[10] and one-loop radiative neutrino masses are possible
[11]. To fit the present data on atmosphd#g and solaf5] 1 n (7+5%)a, ; (12)
neutrino oscillations, restrictions on the parameters of the 2 8v2a, | "
MSSM are implied.
In our model there is another, unrestricted source of ra- 1 (3+x)a, 1 (1+3x)a,
diative neutrino mass, as shown in Fig. 2. This gives a con- v,=—|1+ ———|v— > =V
tribution only to the off-diagonab.v, term. Hence our ef- 2 8\/5""2 8\/§a2
fective 3X 3 neutrino mass matrix in the basig,( v, ,v,) is
of the form : + 1 1— (74502, v (13)
2 8\/§a2 T
a? a;a,+b ajas
M,=| a;a,+b a5 ayag |, 7) Vy= mw i,,MJr i,,r, (14)
a,as a,as a3 222, V2 V2

which is of course very near the case of bimaximal mixing.

where we have assumed that the usual one-loop contribixymospheric neutrino oscillations are thus explainedhy
tions from bilinearR-parity violation[11] are actually negli- _,,, \vith sir26=1 and

gible. This matrix has 4 parameters and yields 3 eigenvalues

and 3 mixing angles. Consider for examplg=a, and de- ) 5 . 1 -
fine x=1+(b/a,a,). We then have Amaz=Amyz=4ay+ 5 (1+6x+ x*)aja;, (19
al  xaa, aja and solar neutrino oscillations by,— (v, — v,)\2 with
M,=| Xa;a, ag ag . (8) sirf26=1 and
2 2
a,a; a; a; 1-x)%(3+x
Am?,= wai’az. (16)
. 2\/5
Assuming thata; and xa; are much smaller thaa,, the
eigenvalues are easily determined to be Using a,=0.16 o2 a,=0.05 eVW2 andx=—1, we find
, AmZ,=2.5x10"% eV?, and Am2,=5.7x10°eV?, in
S (1-x)a;a, (1—-x)(3+x)aj © very good agreement with data.
1= \/E 8 H
1-x)a;a, (1—x)(3+x)a?
m2:( ) 142 1, (10)
J2 8
(1+x)%a3
msz= 2a§+ Tl, (11)
corresponding to the eigenstates FIG. 2. Radiative contribution to the,v,, mass.
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Referring back to Fig. 2, we calculate the paramétéd =200 GeV(which putsy, beyond the production capability
be given by of LEP) as representative values.
_ Lepton-flavor violating processes are very much sup-
Gpmi hAm{v.) pressed in our model, because they have to be proportional to
b= 4722 mﬁffco§,8’ (17) the small parameteNrﬂa in Eq. (6) or the small vacuum
expectation valuegv,). For example, the rare decay
wheremg; is a function ofm;c andmy=. Usingh=1 and ey proceeds in one-loop order through exchange and
mi/A=1 TeV, we find that in order to obtaib=  {he mixing of u_ with W™, i.e.,
—2a,a,=0.016 eV, we needr,)=3.86codB GeV. This
relatively small value is negligible compared to
=(2y2Gg) " Y2=174 GeV (especially for large values of
tanpB), and consistent with all present low-energy phenom-
enology. and throughe exchange and the mixing of, with B and
The salient feature of our model is that must be rela- WP, i.e.,
tively light, say around 200 GeV, to explain a larde,, . In
that casee must also be light, because of the well-known
MSSM relationship

R (7)) )chosﬁﬁ

Mo U COSB mg, (22)

my o (V) ) M ,sin 6y,cosB
Mo U COSB mg
23
mZ=m: —M%cos 28. (18) @3
e

e (v )Mzcosewcosﬂ

Mo U COSB m,

Now bothv, ande can be produced by electroweak interac-
tions, such aZ—vg v andW™ —vge. They must then de- whereu, is the coefficient of thei{; h; —h%h9) term in the

cay according to Eq(2), i.e., superpotential of the MSSM. Its amplitude is approximately
5 o given by
Vem ' T, e—wv,T . (19 B
ehg5—tarféy) My V)
These are very distinctive signatures and if observed, the two = 967212 o v COSB
masses may be reconstructed and the valyg détermined
by Eq. (18). 5 5 MycosB  — [l+ys
If the MSSM neutralinosy? and charginosy;” are pro- XTanﬂegaﬂ( 5|7 (24)
duced, as decay products of squarks for example, then the Me
decays wheremgs; is a function of all the heavy masses in the loop
~0 ~— o~ ~ g ~ o~y o~ and normalized so that if all of them are equal, then they are
Xi— VeVe(Vave), €87 (E%€7), X —vee', € v all equal tom¢;. (Contributions due to the mixing of scalar

(20) leptons and charged Higgs scalars are suppressed because
they involve the Yukawa couplings of the latter to the lep-

are possible. The subsequent decays of(E@). would again tons_) _ o
be indicative of our model. In a future muon collider, the ~ Since the neutrino mass paramedgiused earlier is given

process by
_ ~ 2
ptpT— v ve (21) a2=| P (v) )
2
Mo U COSS
(through 7 exchanggis predicted, by which the, decay of M2cog
Eqg. (19) could be studied with precision. 2 ’B(m—écos’-eer MG, Sir Oy, (25

Single production of, ande is also possible in a" e~ mmg,
collider. There are 4 different final states® ™ ve, 77 v €,
and their conjugates. With the subsequent decays given
Eqg. (19), the experimental signatures are 4 charged leptons SirP0y,coL 6y
(r"77u"u”) and 2 charged tadsmissing energy B(r—ey)= a8
(7" 7 v,v,). The absence of such events at LEP up to 207
GeV constraing and ;. Although a quantitative analysis

is not available at present, we estimate the likely mass bound

bt)I;e T— ey branching fraction is related to it by

(5—tarf6y)*hZadmgm; My,

(on the basis that it would be similar to that of single scalar (M&CoS By + vaSir\zaw)qu—mgff
leptoquark productionto be around 180 GeV fon=1. To o
get Aaﬂ~10*9, we have thus chosem=1 and n, XB(1—evv). (26)
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Using h=2, a,=0.16 e\"? and assuming thamg=ms, In conclusion, we have shown how a novel minimal ex-
=me;1=200 GeV, we findB(7—ey)=2.5x10"*3 which  tension of the MSSM with_,=L.+L, allows it to have a
is many orders of magnitude below the experimental uppesignificant contribution to the muon anomalous magnetic
bound of 2.% 10 €. moment without otherwise constraining the usual MSSM pa-
The u— ey rate is even more suppressed because it has t@Mmeter space. With the soft and spontaneous breaking of this
violate bothL , andL,, whereasr— ey only needs to vio- epton symmetry, realistic neutrino massesth bimaximal
late L, . We note that if we had chosen the extra term in Eq.Mixing) are generated for an explanation of atmospheric and
solar neutrino oscillations. The scalar electron doublet

(1) to be h(ver—ev,)u or h(v,7—uv,)e, thenu—ey ~ ~ . . :
would not be doubly suppressed and would have a branching’e’e) is predicted to be lightperhaps around 200 GgV

fraction of about 4 1019, in contradiction with the present hd has distinctive experimental signatures.

experimental bound12] of 1.2x10"*%. We note also that  This work was supported in part by the U. S. Department
me.=a3 of Eq. (7) is the effective neutrino mass measuredof Energy under Grant No. DE-FG03-94ER40837. R. A. ac-
in neutrinoless double beta decay. It is of order 3@V in  knowledges the support of D.S.T. India. G. R. also thanks the
our model, which is well below the present experimentalUCR Physics Department for hospitality and acknowledges

bound[13] of 0.2 eV. INSA (New Delhj for support.
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