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Neutrino magnetic moments in left-right symmetric models
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A closer analysis of the neutrino magnetic moment is provided for various instances of the left-=Rght
symmetric model. We show that it is impossible to generate important Dirac neutrino magnetic moments
because of model self-consistency problems. Majorana neutrinos are discussed in the frame of the most natural
version of the LR modefwith left- and right-handed triplets and a bidoublet in the Higgs sgcfe consider
two limiting W_—Wg mixing £ angles. In the case of a maximal value, the obtained transition magnetic
moments could be interesting from an experimental point of view. On the other hand, a vagisbirid make
the Higgs particle contributions dominate the gauge boson ones. Thus we calculate gauge-Higgs and Higgs-
Higgs diagrams, showing that, contrary to naive expectations, they are smaller than those of the standard
model.[S0556-282(98)02923-3

PACS numbg(s): 14.60.St, 12.60.Cn, 12.60.Fr, 13.40.Em

I. INTRODUCTION

4
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< -19 v
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Interest in the possible magnetic moment of the neutrino
has been sustained for four decaftes3].> A nonvanishing )
magnetic form factor in the electromagnetic current could W€ know thatm, s less than or equal to a few eV.
solve several problems since a neutrino interaction with afdaking into account also cosmological limits on the total
external magnetic field would induce a spin flip transformingmass of light, stable neutring$2], we can see that the above
a left-handed neutrino into a noninteractifgierile right-  number is much too small to be relevant for any known
handed one. To explain the supposed deficiency of the sol@hysics(vide supra. It turns out, however, that many of the
neutrino flux, its magnitude would have to be of the order ofextensions of the standard mod&M) provide much larger
w,~10 1% for the electron neutrinfs]. Supernova and/or Vvalues[13]. We focus here on the case of the left-right sym-
neutron star physics would also be heavily influenced by th@netric model[14] for two reasons. First, there are papers in
same kind of effect§6]. which rough estimations have been done with quite large

Recently, two ideas initiated renewed interest in the fieldvalues of neutrino magnetic momerit5]. Usually, how-
The first one is about distinguishing Majorana from Dirac€Vver, it is just the opposite that prevajls6]. So we would
neutrinos using the partially polarized solar fli&, which  like to clarify the situation. Second, to our knowledge, the
would necessitatg., ~10"*2ug—10" 23 (for strong mag- ~ contribution of Higgs particles of the model has not yet been
netic fields in the Sur{8]). The second is about testing [@ken into account. Only type | diagrantsee Fig. 1 have
v,(ve) — v, oscillations in terrestrial neutrino-electron scat- been considered in the literature, with the domin&if
tering experiments provided theneutrino magnetic moment 92uge boson contribution being proportional to the sine of
is large enough and larger than thatigf( ) [9]. the W, —Wpg mixing angle¢ (required not to vanish to pro-

The best experimental limits on neutrino magnetic mo-duceé & neutrino mass independent magnetic momet
ments arg10] sin¢ is not taken to be maximal, then these diagrams are

suppressed and, despite their maMsH&MWl), contribu-

,uvesl_8>< 10 Oup, (1) tions from Higgs particles, whose couplings are in some
cases proportional to cd@dsand to heavy neutrino masses,
%) seem, by naive order analysis, to be important. Unfortu-
nately, a careful calculation shows that this is not so; both
photon-Higgs-gauge boson couplings tend to zerG-a$
py <5.4X107 ug. (3 and the final total neutrino magnetic moment is proportional
to light neutrino masses.
The theoretical predictions are highly model dependent. The In the next section we consider the magndtiagona)
standard modelwith massive Dirac neutringgredicts[11] moment of the Dirac neutrino. Then we proceed to the tran-
sition magnetic moments, so Majorana neutrinos are consid-
ered(Sec. Il. Next we estimate the influence of Higgs par-

fy ST AX107 Vug,

*Electronic address: czakon@us.edu.pl ticles of the model(diagrams of the second and third type in
"Electronic address: gluza@.us.edu.pl Fig. D in the case when type | diagrams are negligible. Fi-
*Electronic address: zralek@us.edu.pl nally, we summarize the discussion in Sec. IV and we de-
A bound on the magnetic moment of the neutrino has been estiscribe in the Appendix the relations between masses and
mated by Pauli in 19304=<0.02ug) [4]. couplings of the particles necessary to our discussion.
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% charged fermion mass matricesee, e.g., Eq(A4) for the
gg‘ﬂ} 5 lepton casgand special symmetries must be imposed to get
S small neutrino massedhe seesaw type mechanism, which
could guarantee small neutrino masses as compared to other
7 charged particles, does not work without tripjetsor in-
: - § stance, in21] a model with a bidoublet, two doublets, and

two scalar singlets was consideréll these are needed to
reconstruct the existing experimental data get a small

FIG. 1. Topologically different diagrams for the neutrino mag- Dirac neutrino mass. In this case the mixing anglis ex-

7
netic moment. Internal wavy lines are for th;,W, charged actly zero at the tree level and a ginof the order of 10°,
bosons, dotted lines are for tié,,H, scalars, and solid lines are has been calculated at the loop level. Without tripketsand

for the e, u, 7 charged leptons. Kgr are two independent unitary matrices. Assuming them
diagonal, we get, from Eq5) (siné=10"7),

Type 1 Type 11 Type III

II. MAGNETIC MOMENT OF THE DIRAC NEUTRINO

o . 1, <0.2x10 g, 6)
A magnetic(diagonal moment does not have to vanish ¢
for Dirac neutrino§11,17. Taking into account type | dia- - 17
- ; <1.0x10 , 7
grams of Fig. 1 and assuming thal(,\,2>mwl, we get(Kg o, s 0
and K are transformation matrices from the mass to weak <1.0x10°16 8
eigenstates for left- and right-handed neutrino states, respec- Fv, =2 L ®
Ty _ 2
tvely; v (R = Ki()aaNaLw) [13] This means that we are not able to overcome SM mass
VIG dependent estimations with experimentally allowed masses
Ly = 2F sin & cosém, of light neutrinog Eg. (4)]. Consequently, no physically ob-
2w servable signals are to be expected. This is a direct conse-
quence of the phenomenology of left-right models with
X > m, RE(KR)an(K) ! Tus . (5)  Dirac neutrinos. We remain with the hope that there is some
A= T space left for speculation in the Majorana neutrino case.

We are left with the question of the magnitude &énd
lepton mixing matrices in models with Dirac neutrinos. Let
us start with the¢ dependence. It is important to note the A. Type | diagrams
difference in the methods used to obtain Majorana and Dirac
neutrinos in the framework of left-right symmetric models.
From this point of view, there are two kinds of left-right
models. If the Higgs sector contains a triplet in addition to
the bidoublet, then Majorana neutrinos appear natufatg i .
[18] for detaily. Since a Dirac neutrino is a degenerate casd€2ds o the identity
of two Majorana particles with oppositeP signatureg19], B — T RT -1
to get three light neutrinos with at least one Dirac particle Ian(q)=CI'5a(@)C 7, €)

?”l‘g”gchem' bk VIVOltJrI1d neefdthat least four "gthtd”e_‘#]riR?\Nhich makes the diagonal contributionai proportional to
ields. However, only three of these are connected wi ‘oh identi
y % .,9" vanish identically.

light spectrum(by the seesaw mechanishiSo, to get a light Type | diagrams givéagain we consider only the domi-
Dirac neutrino in a natural way we are left with models with- ont contribution fromw, )
out triplets.
Generally, we can differentiate two kinds of such models V2Ge
with [21] and without[22] a bidoublet. In the latter case Povgn,™= ~—2 sin £ coséme X, m,
W, —Wg mixing is zero. In the first case th&/, —Wg mix- azemT
ing must be very small at the tree level; otherwise the prob- XIM[(KR) aa KD b+ (KU aa(KE) apl s -
lem of reconciling neutrino masses with other charged fer-
mions would appear. The reason is that without triplet fields (10
the neutrino mass matrixp [Eq. (A2)] is proportional to the
same vacuum expectation valu¢¥EV’s) as the other

IIl. TRANSITION MAGNETIC MOMENTS

It is well known that only transition magnetic moments
are allowed for Majorana neutrinos. To any diagram with
external neutrino legs we have to add its charge conjugate
one. For the on-shell electromagnetic curréit(q), this

In this case one starts to wonder about the magnitude of
sin&. At the tree levelsee Eq.(A11)]

M,
’Here and below we give only the neutrino mass independent =€—> = (12
contributions since the rest is as in the $&. (4)]. All calcula- MW2

tions are made in the unitary gauge. o _ o _
3A Dirac neutrino can appear only in the mass spectrum of heavyThis is a theoretical prediction. We have also experimental
neutrinos(see, e.g.[20]). fits; for example, from the muon decay we (28]
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Mw,=>477 GeV, (12 1
=———T(H,W,y)coséMmy—s———
Mab VX A2 2W2Y eMIZ-IZ_M\ZNZ
£<0.031 rad, (13
2ME, M,
where Mw, and ¢ were treated as independent parameters. X MZ 2 In M -1 (m2+ mg‘)lm Qpis,
As we can see from Eq11), the largesi can be obtained Hy W, W2
for the smallesMy,. So, takingMy,=477 GeV and maxi- (17)

mal §=0.031 rad, we arrive at=1. This means that, taking

the largest, a model is realized not only with the smallest

My, but also with almost equal vacuum expectation valuesvith I'(H,W,y) <1 andI'(H,W,y)—0 for e~0.

of the Higgs bidoublet £;= «,). Let us note that although couplings Hf, to leptons are
Observed with great precision, lepton number conservaProportional to the masses of all neutririsee Eq(A27)], a

tion makes th&, matrix approximately diagon§l8]. Then cancellation occurs, leaving only a light mass contribution.

with the maximal sirg, we get the estimation Numerically, takingMy,,=1 TeV andM;,=1660 GeV[see

Eq. (A13)], we get

/'LVeV'u:?X 10712(KR) VEM/‘LB’ (14)
w, , =6.4x10"NKRg), .u (15 22 Ma+ M

VeV, . R/ v B Map= 10 T MB (18)
Mv#v726'4x 10711(KR) V#TMB . (16)

K led f th - iof which is smaller than the SM contributid&q. (4)].
Our knowledge of thek matrix is very unsatistactory. In Type Il diagrams vanish since the righteft-) handed

the frame of seesaw type models we can estimife . 5jing ofH, (H,) with leptons is zero in the limit=0
=O((mp)/my), wheremy is the mass of a heavy neutrino [gqs (A24)—(A27)]. For nonzeroe left-handed coupling of
[18]. Taking my=100 GeV and(mp)=1 GeV, some ele- 1 "3iq5 contributes, but again the total contribution using
ments ofKr might be of the ordgr of' 0.01. Then thegtgove Eq. (9) turns out to be of the form of Eq18) multiplied by
results are at the edge of physical interegt,£6x10 an extra facto.

Mg)-

B. The e=0 case: Diagrams with Higgs bosons V. CONCLUSION

We have sh_own that taking the angf«_emaxmglly al- In conclusion, we have estimated the magnetic moments
lowed by experimental data the model wihi=« is real- ¢ pirac and Majorana neutrinos in the left-right symmetric
ized. However, at least two arguments exist against suCl,,qe|s. Since both left and right charged currents occur in
models. In order to generate a large mass ratiaripim, it the model, large magnetic moments, independent of the
is most natural that, be significantly different frome; (gmal) neutrino masses, are possible. However, we have ar-
[24]. Also the problem of flavor changing neutral currents g a4 that in the Dirac case they must be small because light
supports this statemef®S]. If x;<x; or k1<kp then e pirac neutrinos are possible only in models without triplets.
—0 and¢—0 [Eq. (11)]. In this case contributions to the Then internal consistency of the model implies a srivgl
transition magnetic moments f_rom diagrams of type | pro-_ W, mixing angle and as a consequence a small magnetic
portional to siné become negligible. ~ moment. In the Majorana case we can get physically inter-

The H;W,y and H,W,y couplings of the type Il dia-  ggting results in models wite=1. In addition, some ele-
grams are proportional te,, which we assumed t0 be ents of thek , matrix would have to be large to generate a
negligible? and theH,W, y coupling vanishes in the=0 sizable effect.
limit [see Eqs(A17)—(A19)]. Also thel'(H,W,y) coupling We have also estimated the effect of Higgs particles in the
vanishes in the—0 limit. Let us see how larg@.ap can be  |eft-right model with Majorana neutrinos. When=1, their
in the case of nonzero, but smallUsing the relationt9) and  contribution is smaller than that of type | diagrams for kine-
taking nonzero couplings oV, andH, pamclgs with lep-  matic reasonsrtiy<my_). For e=0 (vanishing contribu-
tons[see Eqs(A14), (17), and (A27) for notatior] we get tion of type | diagram)stybe Il and type Il diagrams turn out

—wt
(Q=KK,) to be unimportant, either.
4For nonvanishing, , diagrams withH; in the loop give maxi- ACKNOWLEDGMENTS
mal results that differ by the facta»erllvﬁ from those given for
the H, particle[see Eq(18) in the H, casé. This work was supported by Polish Committee for Scien-
SNeglecting whatever is not important, e.g., terms proportional totific Research under Grants Nos. 2P03B08414 and
sin¢&. 2P03B04215.
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APPENDIX which come from diagonalization of the appropriate charged

1. Masses of particles gauge boson mass matrix with the mixing anglgiven by

We consider the classical left-right symmetric model with
two left- and right-handed triplets and a bidoublet in the tan %= 2K1K7 (A10)
Higgs secto26]. For the reader’s convenience we present Uﬁ '
an excerpt of the complete set of formulas with our notation,

the full version of which can be found {18,27]. The neu-

trino 6X6 mass matrix is of the form

M, mp
M. =
v mg MR ’

where

1 -
mp=—> (hx;+hk,), Mg, =vV2hg, v
D 1f2( 1 2) RL R,LUR,L

are Hermitian and symmetric matrices of dimension 3,MW2’

Taking into account EQSA7)—(A9) we get

(A1) My,
§~

=€ 7 .
MW2

(A1)

This relation holds to first order in the expansion parameter
(A2) M, /M, (or, equivalently«?/vf). We can also obtain an
interesting relation betweene and physical masses
My,
2

respectively’ K12,Ur are VEV’s of the neutral components

of the bidoublet and triplets, respectively,h are Yukawa
couplings. This matrix is diagonalized with the help of the

unitary matrixU,
KT
U= ( K#) :
R
Masses of charged leptons are

1 ~
m|:E(hK2+ hKl).

7

My,
: (A12)

€= 1-
gMy,

(A3)  from which we deduce the following very restrictive relation
between gauge and Higgs boson masses:

MWZZQMHz (A13)
(A4)
if only €=0, as is discussed in the text.

In this model we have two single charged Higgs bosons

with masse$27]

1
2 2 2 2
MHlt—E UR+§K+\/1— ,
1 1 1
2 2 2
M? == + 2 1=€2
H: = 2 | VR 1_¢2 2 K+ l’
where
2Kk
O<e= 21 22$ , Ke=v\KiE K5
K1t K5

Masses of charged gauge bosons are

N

g
M\Z,vlzzKi,
9,

M\z/vzz?UR,

8For simplicity we assume =0.

2. Couplings

The charged current hawith appropriate weighjsleft-
(A5)  and right-handed parts both for light and heavy charged
gauge bosons

2
0 < i o
(A6) Lee=— 3, Ny LAL'PL+ ARPRITW, +Hec,
(A14)

where [a stands for leptonga=e,u,7) and 8 stands for
(A7) neutrinos B=1,...,6)

(AR) ap=—sin &(Kr)ap,
(A15)

(AY) 5= COSE(K| ) ag,

(A8)

(A2)) 2= Cc0S E(KR) ap-
(Al6)

(AP) ap=sin &K\ g,

(A9)
The coupling of the Higgs particlesl; , to the photony
equals—ie. Higgs—charged gauge boson—photon couplings
are (c=cos¢, s=sin¢, and sin®y=sy)
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UR +1 K2
5ca1 E[(SKZ CKp)ay az= = (A22)

K+
ki \[1+] ——
(A17) V2K, R

iT(HW,y)=g%sw

_(SKl_CKz)ag]) ,

Couplings of Higgs particles to leptons area(

1 = Ny i
iF(szly)=gst(%sa1+ E[(Ckz_SKl)az V2l k. \1—€°) (see[27] for detaily

2
—(cKl—us)a3]), (A18) LHE_El N[B{"P_+BYPR]IH +H.c., (A23)
i=
iI'(HiWyy)=T'(HW,y)=0, (A19) o 1 o
(Bl ae=— 2 (KLKRMGiagKRKt)ac(KL)cePL-
where UR c=1I...6
(A24)
1
a;= > (A20)
NG (BY)ae=0, (A25)
K2
(B*)ae= —M}(K|)aceasz, (A26)
K1
a2: y (A21)
2 2
K_
+ —_—
N (fsz) (B be=| = 2 (@)peml(Krleerz|- (A2
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