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Within the model based on the SU{2) SU(2);xU(1)z_, gauge group and having a bidoublet and two
triplets of the Higgs fieldgleft-right mode), the Higgs sector impact on the value of the muon anomalous
magnetic momentAMM ) is considered. The contributions coming from the doubly charged Higgs bosons, the
singly charged Higgs bosons, and the lightest neutral Higgs boson are taken into account. The obtained value
of the muon AMM is a function of the Higgs boson masses and the Higgs boson coupling co(G&stsWe
express the largest part of the CC'’s as a function of the heavy neutrino sector parameters. We show that at the
particular parameter values the model under study could explain the BNL 2000 result.
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[. INTRODUCTION violation of CPT and Lorentz invariancgl3], and so on.
Some explanations of the E821 experiment turn out to be
The measurement of the spin magnetic dipole moment oéxcluded by the current experimental data. To cite some ex-
particles has a rich history as a harbinger of impressivémples: The possibility of muon substructure can be imme-
progress in quantum theory. Thus, registration of the anomadiately ruled out since the necessary compositeness scale of
lous values of the nucleon magnetic moments was a powefh® muon should already have been seen in processes involv-
ful argument benefiting ther-mesonic theory of nuclear ing highly energetic muons at the CERNe ™ collider LEP,
forces formulated by Yukawa. The determination of theDESY ep collider HERA, and the Fermilab Tevatron.
anomalous magnetic momefAMM ) of the electron has For the anomalougV-boson dipole magnetic moment
played an important role in the development of modern
guantum electrodynamics and renormalization theory. It ap- ==
. W
peared to be reasonable that the ongoing mugsn Z), 2my
measurement E821 at Brookhaven National Laboratory - o o
(BNL) would be a sensitive test for the results of the stanthe additional one-loop contribution @, is given by the
dard model electroweak corrections. However, the measur&XPression
ments of the muon AMM indicate a deviatiata,, from the ) 5
theoretical value predicted by the standard mo&M). a,(k,)~ Grmy, In(A—>(K —1)
Since the E821 data have been thoroughly collected and Y 4272 mg,/ 7 '
studied over many years, it is most unlikely that this discrep-
ancy also could be explained as a mere statistical fluctuationvhere A is the high momentum cutoff required to give a
as several earlier deviations from the SM turned out to befinite result. ForA=~1 TeV, in order to obtain accord be-
Attention is drawn to the fact of the extremely small varia- tween theory and observation, one should demand
tion of the muon AMM central value in all the BNL results
presented up to now. This circumstance could be a weighty ok, =r,—1~0.4.
argument in favor of the trustworthiness of the E821 experi-
ment. While it is often argued that the SM should be augHowever, such a big value afx,, is already eliminated by
mented by new physics at higher energy scales because tifee®e” —W"W~ data at LEP Il, which giv§14]
some unanswered fundamental questions, tige-2),
anomaly with such phenomena as the neutrino oscillations ox,=0.08+0.17.
[1], 30 departure of sif¥,, from the SM predictions mea-
sured in deep inelastic neutrino-nucleon scattef@lg and  In this manner, at the moment thg+2), anomaly plays
the observation of the neutrinoless double beta dd&ly the role of an Occam'’s razor for the existing SM extensions.
may already serve as a new physics signal at the weak scale. The purpose of this work is to investigate thg—«2),
Suggestions already made in the literature for explaininganomaly within the left-right mode(LRM) based on the
da,, include supersymmetiiyt], additional gauge bosof§],  gauge group SU(ZX SU(2), X U(1)g_, . One-loop contri-
anomalous gauge boson couplifg$ leptoquarkg7], extra  butions toa, from extra gauge bosons have been calculated
dimensions [8], muon substructure[9], exotic flavor- in Ref.[15]. However, the contribution coming from ti&
changing interaction§10], exotic vectorlike fermiong11],  gauge boson is negative, while in order to accommodate the
possible nonperturbative effects at the 1 TeV ofd&¥, the  discrepancy between the BNL results and the LRM predic-
tion the mass value of thé&/, gauge boson should lie around
100 GeV, which is clearly ruled out by direct searches and
*Email address: boyarkin@bspu.unibel.by precision measuremenit&4]. In the LRM the Higgs bosons

(1+x,)

0556-2821/2003/67)/07302313)/$20.00 67 073023-1 ©2003 The American Physical Society



G. G. BOYARKINA AND O. M. BOYARKIN PHYSICAL REVIEW D 67, 073023 (2003

may also appear to be candidates for particles generatingvolution of the three-loop hadron vacuum polarization con-

significant contributions to the muon AMM. tribution a/“f‘d(VPZ) has given the resu[23]
The paper is organized as follows. In the next section we
discuss the BNL results and the SM theoretical predictions. azad(VP2)= —1006) X 10 y,. W)

In Sec. Il we consider the structure of both the Higgs boson
and the lepton sectors in the LRM. There we establish the It is important to keep in mind that all the estimations of
connection between the Higgs boson coupling constantthe LbyL scattering contributiorazad(LbyL) made so far
(CC’s) and the neutrino oscillation parameters. In Sec. IV weare model dependent. The calculations are based on the chi-
discuss the current constraints on the LRM parameters. Seeal perturbation or extended Nambu-Jona-Lasinio model.
tion V is devoted to computation of the Higgs boson contri-Also, vector meson dominance is assumed and the phenom-
butions to the muon AMM. In Sec. VI we compare the the-enological parametrization of the pion form factey* y* is
oretical and experimental values af, and find the bounds introduced in order to regularize the divergence. The previ-
on the Higgs boson sector parameters which provide in theisus average value f(zrzad(LbL) is given by[24,25
turn information on the masses and the mixing angles of the
heavy neutrinos. Section VIl is devoted to analysis of the a)*Y(LbyL)=—8525)x 10" Hu,. (8
results obtained.

With this value of the_byL hadronic correction the total SM

IIl. THE BNL RESULTS AND THE SM prediction ofa;," was
THEORETICAL PREDICTIONS

, a5=11659159767)x 10™ M. 9
The first BNL result based on the data taken through 1997
was[16] Comparing Eq(9) with the experimental average in E@)
expi Y one finds
a, P'=(116592506- 1500 x 10 'y (BNL 1997),
oY) sa,=a%P'- aSM=426(165) X 10~ 1y, (10)

where ug is the muon magnetic moment predicted by the : ; -
Dirac theory. The 1998 and 1999 runs had much higher StaeEquatlon(lo) means that there is a 2r&deviation between

tistics and gave results with increased precision: sxperiment and the SM prediction.
9 P : Recently, the theoretical prediction faf,*!(LbyL) has

azxpt:(116 591916590 X 10~ *u, (BNL 1998[17]), undergone a sigr_lificant revisi(_)n because of a change in sign.
2) The overestimations have given the following values for
a,*Y(LbyL):

a®*P'=(116592 02160 x 10" ** BNL 1999[18]).
A ) Ko ( [ ])(3) 83(12)x 10 My, [26],

had —11
. a LbyL)=4 8915) X 10 27], 11
The BNL 1998 and BNL 1999 results averaged with older p (LOYL) 15 711'% L27] (D
measurements made at CERM)] gave the following value 83(32) X 10" “uo [28].

of the muon AMM: . .
Taking the average of these new results one finds

a*P'= (116592 023 151) X 10~ . 4
v ) Ho @ a5M=11659177070) X 10~ My, . (12)
In the SM the expression for the muon AMM can be

presented as the sum Using Egs.(4) and(12) one obtains

aSM= aQEP 1 gEW, ghad 5) da,=260160) X 10~ . (13
in which aSED: 11658 470.57(0.294 10 %4, (see [20] Thus the deviation value has dropped froma1fp to 1.6.

; _ - On July 30, 2002 the Muorg—2 Collaboration an-
and references thergianda; "= 15.2(0.4)x 10~ '° (seef21] \
and references thergin nounced a new result based on #hé data collected in the

had year 200029

The terma’ “” arises from virtual hadronic contributions
to the photon propagator in fourﬁﬂad(VPl) and sixth or- a®*P'= 116592 04070)(50) X 10~ 4, (BNL 2000).
ders, where the latter includes hadronic vacuum polarization —* 0 (14)

al*Y(vP2) and light-by-light scatteringt}**(LbyL). The

dominant contribution t@/?* as well as one of the largest The uncertainty of BNL 2000 is almost two times smaller

ambiguities in its value come from’2(VP1). a?{(VP1)  than in BNL 1999 and only two times larger than the final

was derived in Ref[22] from theete™ hadronic cross sec- aim of the E821 experiment. With this new result the present

tion and the hadronie decay data: world average experimental value is

ap*(VP1)=692462)x 10" My, (6) a5 P'=116 592 03080) X 10~ M. (15)

073023-2



(9—2), ANOMALY, HIGGS BOSONS, AND HEAVY NEUTRINOS PHYSICAL REVIEW D67, 073023 (2003

Improved calculations cxilhfd(v P1) have been presented popular nowadays. The presence of the bidoublet in the LRM
recently [30,31. These are data-driven analyses using thecauses the existence of the same physical Higgs bosons as in
most recent data from the*e™ hadronic cross section ob- the two Higgs doublet modification of the SMIHDM) [34]
served at the CMD-2, BES, and SND experimefg]. and in the MSSM 35]. Owing to the availability of the trip-
Their precision~58x 10~ ! is now even smaller than those lets the LRM has the Higgs bosons that are present in the
in Eq. (6). Further on fora{(VP1) we shall use the result model based on the SU(3% U(1)y gauge groug36].

of Ref.[30], where the experlmental input is based only on  One more fascinating property of the LRM resides in the
theete™ data: fact that the LRM belongs among the models in which the

Higgs boson coupling constants determining the interaction
had 1 of the Higgs bosons both with leptons and with gauge bosons
a, (VP1)=688958)X 10"~ puo. (16)  are connected to the neutrino oscillation paramefe®P’s).
L had _ Therefore, in such models the bounds obtained on the Higgs
For estimation ok, " (LbyL) we invoke the new result ob- 50 sector parameters could be extended to the bounds on
tained in[33]: the NOP's.
In the LRM the choice of the Yukawa potential has an
azad(LbyL)=80(40)>< 10 Yy, (17)  influence on the form of the Lagrangian describing the Higgs
boson interactions both with fermions and with gauge
Then with the help of Eqs7), (16), and (17) the full had-  bosons. The most general Yukawa potentid} has been

ronic contributions are given by proposed in[37]. In spite of the fact that{ has a very
complicated form, the diagonalization of the charged Higgs
had_ 11 boson mass matrix presents no special problems. However,
= X ) : . .
2, =686971)x10 Tuo (18 for the neutral Higgs boson mass mathk, this procedure
This leads us to the SM prediction can only be realized when some simplifications(if have

been dond38]. For example, the matrii , can be diago-

S . nalized in the following conditionéve use the same notation
a, =116591726.770.9 X 10" “u,. (19 asin Ref[37)):

So, at present the deviation between experimental data and
the SM prediction has reached the value 2a,k, 2a2k2_ 2 B3k,
a1= ) az3= 7 s Blz )
kq kiks kq

(22)

da,=303.3106.9 X 10" u,, (20
. Ho where a; ,3 and B, are the constants entering into the

that is, the deviation is roughly about3 Yukawa potentialk;,k, are the VEV'’s of the neutral com-
If the deviation of Eq(20) can be attributed to the effects ponents of the Higgs bidoublet, ankl. = \/kzlt k22 (ks
of physics beyond the SM, then at 95% C.b3,/uo must =174 GeV).

lie in the range Of all the Higgs bosons, tha{%*), h(*) ) ands,
bosons have been of our main mterest here because the cur-
sa rent data allow their masses to lie on the electroweak scale
93.8x10 "< —£<512.8<10 1% (21)  (recall that theS; boson is the analogue of the SM Higgs
Ko boson. Assuming the condition&2) to be satisfied one ob-

This contribution is positive, and has the same order as thiins the squared masses of these particles:

electroweak corrections t, , namely,~Ggm>/(47?\2).

2k4 k2
= a(v3+kd)+ Pk (23)
lll. THE LEFT-RIGHT MODEL R K (atpi—pal2)’
In the SM, the Higgs boson contribution &, is negli-

gible becauseuuh coupling is extremely small, namely, B K2
~m, /v, wherev is the vacuum expectation vall¥'EV) m%Z(Ps/Z—Pl)sz— 0 , (24)
being equal to 246 GeV. In the LRM the Higgs boson sector KX (a+p1—p3l2)
is much richer than that in the SM. It includes four doubly
charged scalarA(") four singly charged scalat™) and gk +Apd KA (BE+ Bikiky)?
), four neutral scalar$ (i=1,2,3,4), and two neutral g2 = —>— TZR, B PR (25)
pseudoscalard®; ,. The current experimental data allow ' 2 2ky(4p2tp3—2p1)vR
some of these Higgs bosons to have masses around the elec-
troweak scale and couplings of at least electroweak strength. 5 5 4 2 5
It is well to bear in mind that among the extensions of the 2 _ “3k—_(2f’1_p3)vR_ KZ(Bsk + Bikika)
SM the LRM is of special interest because its Higgs boson = 2 2 2k‘1‘(4p2+ p3—2p1)UZR'
sector contains elements belonging to other models very (26)
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mglzleki +8K2k3(2N 5+ N 3) /K2

4k1k2k4 [2(2N5+ Ng)kiko /K2 — N 412

PHYSICAL REVIEW D 67, 073023 (2003

'CWzyh: 'Cleh(S.f" C¢)s (32

v ks ' 27) L, y5=9rEIY lﬁlmwlsgé(f)* (X)W, (x)A,(x)+con;.,
(32
where
_agkl  ag(l+tarfp) Li,y5= L, y3(S¢—Ce), (33
“T 2K T 2(tartp—1) '
h. ko—hgpky
Bk pi(ittatp) = {"‘b—avam(l— 75)16(%)
TR (tarfg-1) ab 2k
, habk2_ hélbkl— (—)*
k2 ky(tar’B—1) = Na(X)(1+ y5)lp(X) |h*7* (%)
V2k,  V2(1+tarfp)
fap|—
p13 are the constants entering into the Yukawa potential, +7 1200 (14 v5) vp(X)
tanB=Kk,/k,, andvg is the VEV of the neutral component 2
of the right-handed Higgs triplet,z>max(k4,k,). From the )
relations(24) and (26) it follows that the masses of th&™*) Boko

andA(fi) bosons are very close to each other. From expres-
sions(23)—(26) likewise, it is obvious that in order that the

) boson masses are on the electroweak

h(), 5), andA{S
scale the constanig;, p,, and (p3/2—p4) should have the

order of ~1072.

The Lagrangians that are required for our purposes are

given by the expressions

Loaa=2ie{[d, A0 *(0)]1AT D0 —-A7 % (%)

EWl yh=

X[3,A7 0+ (1-2), (28)

> -3 BT (L 90,

—1500(1= y8)lp(X)54,JAL % (%)

a
+ 1—>2,0d—>0d—§ +conj., (29

gre My, ( 1—tartB)(a—pal2+pi+1)s;
gL (1+tarB)
X h(* ()W, (X)A,,(x) +conj.,

(30

—h(_)* X _3(_)* X
(a+p1—pal2)vg >0 ( ))

_ k
+I§<x><1—y5>Nb(x><v—°h<—>*<x>
R

k
+$5( )*(X)
(a+p1—psl2vg

+ conj.} , (39

L= \/—k [32 a(¥) (O [(hapky +hjpka)sg,

+(hapky— habkz)coo]] S1(x), (35

where the superscrift denotes the charge conjugation op-
eration, ¢, =cosfy, sy, =sin6y, 6y is the mixing angle of
the doubly charged Higgs bosons (@n-k2/v3), fap is

the Yukawa triplet coupling constargy is the gauge cou-
pling of the SU(2) subgroup(further on we shall speculate
thatg, =ggr), Na(x) describes the heavy neutrino with fla-
vor a, ¢ is the mixing angle of the charged gauge bosons,
and the angle), is determined by the Yukawa potential pa-
rameters and the VEV's:

4klk2k2,[ - 2(2)\2+ )\3) klk2+ )\4k3]

tan 26,=

Kekol (4Np+ 2N 3) (K* — 4kiks) — K2 (2N K2

. 36
— 8\ 4Kikp) ]+ apv Rk’ 39
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The impact of the Yukawa potential choice upon the fapUR= S, S, Co Sy (M3—my)
physical results can easily be seen by the example of the a by

Lagrangian (35). Really, when in the conditior{22) the +c¢ac%cgngN(m4—m2), (43
changek,— —k, is carried out; then instead of E(B5) one
obtains
faaUR:(s<paC0V)2ml+(CgoaCGN)ZmZ
1 — 2 2
£1== | S maa0la(x)cs, (50,80, (0,8, "M, a4
+ 25 Ta()I(X) (Napks = jpks)sg 1 Si(X). (37) fonv = faaVR(Pa— @+ 7/2,00— O+ 7/2),
a,b
Since tanBy~k*/vg and for the muorm,, /k, ~6x 103, -
then, as an example, the cross section of the electron-muon firvL="fvr| 11—+ 5)’ I,I"=a,b, (45

recharge,

S whereg, is the mixing angle in tha generation between the
e u —eu, light neutrino and the heavy neutriricecall that thev, neu-

. trino enters into the left-handed lepton doublet
never could have the resonance peak connected witlg;the P

boson when the LagrangidB7) is used[38], while the ex-
istence of such a peak could be quite possible when one v,
works with the Lagrangiaii35) [39]. ( ) ,

Let us express the CC's in terms of the lepton sector pa- L
rameters. It in turn will also allow us to measure the CC’s in
the processes including only the leptons. We shall find thavhile the N, neutrino enters the right-handed lepton doublet
connection between the Higgs boson sector parameters and
the lepton sector parameters restricted ourselves to the two-
flavor approximation. For this purpose we need the neutrino (Na)

R

la

mass matrix M. Once one chooses the basi&’

la
=(va N, vp \NiR), the M takes the form

respectively, 6, (6y) is the mixing angle between the,

faar My fawr  Mp neutrino and thew,_ neutrino N,z and Npg), C,.

md  f.wr Mp  far =C0S¢@,, S, =SiNg, and so on. Asn,<my, then with the
M= fou M fow me |’ (39 help of Egs.(43) and(45) it is possible to find a relationship

ab”L P bbb" D for an estimation of the mixing angles between light and

Mp fawr Mp  fppor heavy neutrinos. Further on, we shall assume that mixing

] takes place between the and 7 generations = u,b=1)
wherev, is the VEV of the neutral component of the left- oy, Then for the mixing angles we obtain

handed Higgs triplefv, <(max(k,,k,)] and

fM#\ URU L

mg =haaky+ héak2a (39 sin20 ~
P~ : (46)
"och mNﬂ+s§NmNT
M D™ habk1+ h.:;ka . (40)
In their turn the elements of the matrixt are connected sin 2~ foVuRyL 47)
with the neutrino oscillations paramet¢@8,40) T SgNmN +C§NmN '
" T
_ 2 2 2 2 o .
mp = Cy,Se,(—MiCy —MgSy +MyChy +MySy ), The estimation of), can be done with the help of the quan-
tity
Mp=Mp(@a— @p, 0, N— 0, nF 7/2), (41)
micly
_ pP= =2 -
Mp= C(Pas(PngVng( m; —mjz) My
+8,CopCopSop(Ma™My), 42 |n the LRM the quantityp is defined by the relatiop41]
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_ 1+4x
P=1+2x

where
X= k|

As the experiment for today yields
p=1.0107:0.00086,

then the value ob, can reach 13 GeV.

Taking into consideration both the definition wf) [Egs.
(39),(41)] and the formulas for the charged lepton masses

m|a= haak2+ hz;akly
it is not difficult to obtain

hz’iakz_ haakl

aTe‘vah =

1+tar?@ [ 2m tanB

"2k, (1—tarfB)

a

2m,atan,3

N 1+tarfB
2k, (1—tarfB)

1+tarfB

2 2
+ C‘PaS‘Pa( myCy, m4sgN)

The analogous mathematics fmra N leads to the expres-

sion

hf;akl_ haak2

Q| Nh=

2k,
_ 1l+tafB [2mptanp )
T2k (1-tarp) | 1+tarPg Ma
1+tar’B

~ 2k, (1-tar?B)

2 2
{ 2c¢asq,a( myCy, + m4s(,N)tan B B

1+tarfB

1+tartg +mD>

m

al:

(48)

(49

(50

(51)
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It is pertinent to note that there is a connection between the

coupling constants_y, n and ai s,

@1 lpS;

2

The next step is the determination of the nondiagonal
CC'’s. To suppress the mixing in the charged lepton sector
(betweenl , andl}) it is necessary to demand

(52

&) Nph™

habk2+ h{;bkl=0 (53)

Then, with regard to the definitions of the quantify, [Eqgs.
(40) and(42)] one obtains

Mp Sp,Ce,CopSay(Ma—My)

@l ph™ 2k 2k, INCSS
L Mp tang
N ™ 7 k(1 tarB)
S¢,Ce,Co\Sh (myg—m,)tanB
_ Pa Pb UNTON (55)

k. (1+tarfB)

IV. THE EXISTING CONSTRAINTS
ON THE LRM PARAMETERS

We shall start with a discussion about the constraints on
the Higgs boson masses. The present limit on the singly
charged Higgs boson mass has been obtained within the
THDM by investigation of the reaction

efe " —HTH". (56)
The lowest value for the mass of the charged Higgs boson,

independent of its branching ratio, is currently 78.6 GeV
[14]. 1t is evident that this limit may be broken for singly

charged Higgs bosons of the LRM{*) andh(*). Really, in

the THDM the charged Higgs boson interacts with the quarks
at the tree level while in the LRM such interaction exists for
the h*) boson only. Furthermore, in both models the cou-
pling constants of the charged Higgs bosons withzlw®son

are not equal to each other:

(9HHZ)2HDM _ cot 26y 57)
(U552)Lrm 9'c0S *Ow(a+ p1—paf2)(g'*sin by cos® +gg ' sind) |

(9HHz)2HDM _ cot 26\y 59)
(Ihn2LrRM cos 16y, (sin~ 16, cos 26, cos® +grg’ ~Lsind)/2’

073023-6
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However, since an analysis of the procé€s6) from the where ® is the mixing angle ofZ, and Z, bosons (¢
LRM point of view is absent up to now, we shall assume that~10 2-10 %) and g’ is the gauge constant of subgroup
the lower bound on the masses of the singly charged Higgel(1)s_, . When
bosons of the LRM is 78.6 GeV too.

As regards the doubly charged Higgs boson mass, the d=k,=0
situation is somewhat more simple. T fzi) bosons are
typical representatives of the LRM. For this reason experithen 9z,z,s, converts to the constant describing the interac-

ments aimed at their appearance are analyzed from the LRMon between the Higgs boson and tAeboson in the SM.

point of view only. The current lower bounds on their massessjnce the symmetric LRM reproduces the SM under the fol-
obtained by the OPAL Collaboration at 95% C[42] are  |owing values ofgg andg’:

98.5 GeV.

We also should discuss the implementation of the lower S A /—2?;/_ 62
bound 115 GeV on the mass of the lightest neutral Higgs IL=O0r=CS G ZENG T Sw 62
boson(LNH) in the SM extensions. This bound has been

. ’ 71 . .
obtained on LEP Il by investigation of the reaction then the quantitgrg may differ moderately from unity.

Therefore, the major contributor to the deviatig@lzls1

ete —»7* 7h (59 from its SM value is the factor
from the SM point of view[43]. The reaction(59) is ana- [c(,o(l—tanzﬂ)—z Sy, tanB)]
lyzed for the fourzh d h | Ag= (63)
yzed for the fourZh decay channels (tarfp+ 1)
Zh—qqa'q’,qqvv,qdlala(la=e.p),7" 77 qq, From the expressioii36) it follows that the value of the

_ angle 6, is basically determined by the parameter which
where the final stateh—qq includes both the quark- appears in the Higgs potential. When~10 2 then the
antiquark and the gluon-gluon pairs. For the THDM's, as anangle 6, may reach the valuer/4. In this condition theS,
example, the substantial deviations from the SM are preserjoson could remain light as usual but theboson ceases to
both in the cross sectiomg+.-_,z and in the decay widths be superheavy:

I'y,. Since in these models the coupling constant of the neu-

tral CP-even h boson(analogue of the SM Higgs bospn

,  @URk; _4k1k2kf[2(2)\2+ N3)kikp /K2 —N,4]2

with the Z boson has the form ms,= Kok, P %ki
. 64
g :ngZSIn(B—a) 60) (64
zzh Copy Recall that the demand
where sinB—a)~0, then @e+e- zn)THpm IS Much less mg,=>10 TeV (65)
relative to the SM value. On the other hand, as the relation
takes place is caused by the necessity to suppress at the tree level the
flavor-changing neutral currentSCNC's) in the Lagrangian
(gffh)THDM%tanB’ f=b,r, . "
(Grin)sm Lh=— Ual | My | Cpt =525, | S1—m
q \/§k+ = a usl “0o k% 0o 1 Uy

the h-boson decay widths through quarks and leptons have

greater values than those in the SM. It is evident that analysis _ 2kika . b |5
of the reaction59) leads to different mass values for the SM Sty K2 Coq | S2~ 1M, ¥sP1| Sap
Higgs boson and the LNH boson of the THDM. Actually,

2
when |sin(8— «)|<0.06 the LEP data result im,~10 GeV +
 oao% G “ e (MY a5, S 55
The only reason that the LRM cross secti@gnef_,zsl
could not coincide with that of the SM is the coupling of the +(Uag—da, My =My, ¥5— = ¥s), (66)

S, boson with theZ; boson:
where K is the Cabibbo-Kobayashi-Maskawa matrix and

m- [c, (1—tarf8)—2 s, tan My is the diagonal mass matrix for the down quarks. The
Uy 76— 9.5y 2, ol A -2 s,tanp)] absence of the FCNC'’s in its turn allows one to describe
i 2 oy(tarfB+1) properly theK%—K? transitions. However, as shown[i&8]

) 1 22 2.2 the successful building of the LRM demands the redefinition
X (29R0" "Co Sw Sw ~ Co Sw” — 9RY %)’ of the traditional Yukawa Lagrangian for quarks. The expres-
(61) sion (66) must be replaced by
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1 — Ky
n_ _ P
Eq— \/§k+ ; Ua) My, (cgo K 500)81 Y
Ky im, k; AGT NAGY
- S(} +_C{) Sz +—')/5P1 Ua o . K- & Lad
o ky Y0 Ky _{—2_-> i
+(Ug—dy, 00— — 6p). (67)

FIG. 1. One-loop diagrams contributing to the muon AMM due

. . . to the doubly charged Higgs bosoﬁé‘z_). The wavy line repre-
Since the Lagrangia(67) does not induce any FCNC’s, the ¢ants the electromagnetic field. ’

inequality (65) breaks down. Then from E@63) it follows

that with increase of the anglé, the deviationAg from V. HIGGS BOSON CORRECTIONS TO A,
unity could be large enough. ) I
From the form of the Lagrangia67) it is evident that the We now proceed to calculations of the contribution to the

decay widths of theS; boson into quarks and gluons may Mmuon AMM caused by the Higgs bosons of the LRM. The
significantly differ from those of the SM. Since the coupling diagrams corresponding to the exchange of doubly charged
of the S; boson with ther lepton is determined by Eq52)  Higgs bosons are shown in Fig. 1. They give the following
then the valuel's .+, also might not coincide with the corrections to the muon AMM value:

corresponding value in the SM. Thus, it is apparent that the sab 1 2 2 2
LNH boson mass lower bound in the LRM may not agree "+ _ 4f2 RN 124+ 452 |
with that in the SM. However, since up to now any work  to 87 ( "eizl € “".Zl # ’”21 T
containing an analysis of the procg&9) from the point of (69
view of the LRM is absent, we shall also take the value 115
GeV as the low bound on th®-boson mass. where

We are coming now to the question concerning the values 2o 3
of the coupling constantsa | . (La=Ila,va,Ny). At |Ai_ fl 2m,(z°=2z°)
present information about , y follows from looking for 'a Jo mi(zz—z)+miiz+ m,za(l—z)
deviations from the SM predictions. It is usually reported in
terms of the upper limits for quantities of the type . m2(22—2°)

. . e Z,
taLaLbHi /mHi or, which is more frequent, for quantities of the mi(zz—z)+ mii(l—Z)Jr mlzaz
ype
, and1>0.
a
S cebdd = ¢ (@ Lo ¥y Ly ) The singly charged Higgs bosons also influence the value
o e me, ' of the AMM. The relevant diagrams are depicted in Fig. 2.

For the diagrams that contain the loops with #Wg and

N h(*) bosons the following relation holds:
whereC; are the constants. As a rule the determination of the

upper bound for only one quantity,  n /my, is a very
involved task(see[45] for a review. Mo = =s;,

As a possible way forward in this context one might use Wywh
the connection between the CCbégaLbHi and the lepton sec-
tor parameters. From the expressida®)—(52), (54) and
(55) it is obvious that the values oﬁfaLbHi are basically v v
defined by the oscillation parameters of the heavy neutrinos.
Nowadays information concerning the heavy neutrino sector 9,50 /7 "\ A0,60) i N (K
is very poor too. All we have is the upper bound for the
heavy electron neutrino mass resulting from experiments # Va H » N B
aimed at finding the neutrinoless doulfiedecay

1.6 TeW* v Y
mNe>(63 GeV) m— . (68)
Wa KOFO 27 N Wiz 2 N

In the existing situation we can choose only the minimal set  #~ Vi, Ny B B Yy Ny H

of heavy neutrino sector parameters and other parameters are

expressed through it with the help of E§S1)—(55). Further FIG. 2. One-loop diagrams contributing to the muon AMM due
on, as the minimal set we shall takm\,ﬂ, my_, andfy . to the singly charged Higgs boson§™) andh(™).
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whereMleﬂr1 (MWlNﬂh) are the matrix elements appropri-
ate to the diagrams with the exchange of a ligheavy

neutrino. As the mixing angle of the charged gauge bosons is

very small,|£|~10"2-10"° [14], one can neglect the con-
tributions coming from the diagrams with a virtual heavy
neutrino. Taking into account the analogous relations

M WZVp.h

:S§1
Mw,n

we find that the dominant contributions to the muon AMM
from the diagrams shown in Fig. 2 are

salhm 1
w1 2 hh 2 hh
Ko 81723:;#,7 (a;LNahI Na+ aMVahI Va)’ (70
sa® 1 % 55
b 2 88 2 166
Mo W a=eu,7 (aﬂNa‘sI N /“’a‘sl Va), (71)
5aELW1h) (a—psl2+p+1)(1— tarFﬁ)ngwl
2o 16\27%(1+tar’B)
Xay, pl Wah, (72
58 (a=pyf2+pi+1)(1-tarf B cmy,
“o 16\27%(1+tar’B)
X a’uN#hI W2h’ (73)
5a£LW15) ,Bl(l—tar?,@)sgmwlawﬁ Wa3
_ | W0, (74
“o 16\272(1+tarfB)
(W3) - 3
sa, =" Bl tar'zﬁ)cémwla“'\‘ﬂ5|w27s (75)
“o 16\27%(1+tar’B)
where
 hapka—hapky
alaybh_ 2k+ '
h; k1= Napkz

PHYSICAL REVIEW D67, 073023 (2003

_ fanBoKo _ fanB1K ¢
V2(a+pi—psl2vg  2(atpi—pal2vg’

1
hh
Ii f
0

Q| NS

2,,3_2
m;,(z°—z%)dz

2.2 2 2 2 2
m;,z=+ (M —my—my, ) z+m;

i=v,,Ng,
'56_hh hh
[Po=1"(mp—n3), 1;7'<0,
2
m
IWlhz m# In( Wl)
2 2 2
My, — My, my
J»l zz[mi(22—1)+m§\,l—m§#]dz
o 2.2 2 _ 2 2 2
0 m,z +(le m,,ﬂ mﬂ)z+m,,#
+(My,—mp) ¢,
Wah _ [ W;h
| | (le_’mWvavM_)mN#)!
Yo=Y (M, —my),  1Y">0.

The contribution of the neutral Higgs bos®; to the
muon AMM value is due to the diagram shown in Fig. 3 and
is given by

(S1)
oa 1 s
e B2 2 Gl (76
where
1 I !
A s = \/E—k[(habk1+ Napk2)Sg,+ (hapky—hapka)Cy ],
+
20,2 3 2.2
ms(z°—z°)+m z°]dz
Islzfl Ll iz 151> 0.
0

la

20,2 2 ;4 2.
m:,(z z)+msl(1 z)+m|az

The total correction value to the muon AMM motivated by
the Higgs bosonsga,, /u,, is defined by the sum of the
expression$69)—(76).

VI. ANALYSIS OF THE RESULTS

Now we applyéda,, /uy, obtained in Sec. V, to constrain
the parameters of the LRM. Let us determine some key mo-
ments in our strategy for calculation of the CC's. To evaluate
the VEV of the right-handed Higgs triplet; we invoke the
relation[38]
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fw 1 T T T T T T .|< I
0.9 |- 512’8‘..____._..__..- i
0.8+ s
0.7 = _
0.6 - i
FIG. 3. One-loop diagrams contributing to the muon AMM due 0.5 ]
to the lightest neutral Higgs bos@). 04 -
93.8
> > 0.3
My, ~ My, 0.9
UVR= ﬁ (77)
gr(1+tarr2¢) 01k
100 105 110 115 120 125 130 135 140
The current bounds on thé/, gauge boson mass and the . GeV
Ao

mixing angle¢ are varied within a broad range in relation to
what kind of reactions and what assumptions have been used fiG. 4. Contours of the one-loop contribution from thé ~)
in the analysi§14]. For example, the lower bound any, boson to the muon AMM.

being equal to 484 GeV is obtained from investigation of the

polarized muon decay under the assumpti&n0. The B. Scenario with contributions from A{3 ™ and 6~ bosons

analysis of the proceds— sy leads to the constraints _ ~
y P 4 Inasmuch as the masses of thE ) and'd(~) bosons are

—0.01=<¢=<0.003. (79 close to each other then the following possibility should be
considered: the observable value of the muon AMM is

Having specifiedm,,,=0.8 TeV andé=10"? we evaluate caused byA{, ) and’3(~) bosons. Notice that the quantities

vg- Then, setting the values ofiy , my, Oy, andv, we 5a(W12‘s) change sign as one passes from the regiorBtan
can present the quantities, , ¢,, f,,, m;, andMp as <1 to the region ta>1. We shall restrict our consider-
functions off , , . ation to a specific case, namely, when the quantfiigs,,, 5

and By, 5 are positive(recall thatl (W129)>.0).

In numencal calculations we shall use the following pa-
We assume that the dominant contribution comes from thegmeter values:

) boson A negligible value of the corrections from the

Sl, A{" ), 3, andh() bosons could be caused both by My, =110 GeV, my =125 GeV, v, =0.17 GeV,

the Iarge values of their masses and by the small values of

their coupling constants. It is natu'ral to require tﬁ% tanB=0.8, a—p32+p;=1, pB;=1, 6y=0.78,
should be less than 1. Then analysis shows that the interval (79
of the AS” 7)-boson mass at which the satisfaction of the

BNL 2000 results is possible critically depends on the valugand shall assume a hierarchy of the Higgs boson masses
of f ., (note that the value df, . very weakly depends on the

A. Scenario with contributions from A"~ boson

anglese, and ¢, and is basically determined by the differ- my, =1.1dmy,  m=1.05m,,.
ence of the heavy neutrino massé&’hen one sets, equal
to 1.7 GeV then theAS ~)-boson mass would reach the In them,, vsf,, parameter space two contour lines marked

greatest valuenQy )max at f,,~0.15. For this case in the 938 and 512.8 are shown in Fig. 5. At the chosen values of
my, vs f,,, parameter space two contour lines marked 93.8he heavy neutrino masses the quantity is approximately
and 512.8 corresponding to 95% C.L. limits for the contri-equal to 0.01.
bution of new physics t@a,, / u, are exhibited in Fig. 4. The ~ With an increase of the heavy neutrino masses, but pro-
range of the Higgs boson sector parameters allowed by théded that
BNL 2000 result lies between the contours 93.8 and 512.8.

When f,.>0.15 andm,,>140 GeV the value off,, My, — My =const,
becomes more than 1 for the upper boundaf, / uq in Eq. _ o
(21). A decrease of ,, results in a reduction Ofr(]Az)max- the functlonfw(mAz) grows faster. However, this rise be-
At fixed f ,, the reduction ob,_practically has no effect on comes essential only when the heavy neutrino masses are
the final result. However, the increasewqf by an order of ~approximately changed by a order of magnitude. So, for ex-
magnitude gives rise to a significant growth ©f,. For ~ample, choosingny =900 andmy =915 GeV, we obtain
example, wherv =10 GeV andmA2=100 GeV the value that atm, =200 GeV the value of . lies in the interval

of f,, lies in the interval (0.318,0.743). (0.092,0. 444) In this case,, is approximately equal to
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fﬂ# T T T T 0.99 T T T T T T T T
il i tanf g.9g - ]
5128 ...... PR
0.25 | 5128 i 097 )
0.96 |
02 o - 0.95
“ 0.94
0.15 ]
0.93
01F g 0.92
0.91 | ]
0.05 //H,JL/
L 1 I ] 0.9 L ! | ! ] I | .
100 120 140 160 180 200 120 130 140 150 160 170 180 190 200
ma,, GeV mg,, GeV

FIG. 6. Contours of the one-loop contribution from Beboson

FIG. 5. Contours of the one-loop contribution from thé>, to the muon AMM

and thes(™) boson to the muon AMM.

0.006. On the other hand, with an increasergf — My, the =17 Gev.

rate of growth of the functiorf,_m(mAz) goes down. For Increasing(decreasinguv, results in the reductioithe en-
example, when we set hancement of the allowed values of tgf. For example,
whenv, is equal to 10 GeV we obtain
my =900 GeV, my =1100 GeV,
. ! tanBe(0.804,0.913 at ms =115 GeV
and leave all the remaining parameters without change, the
value off,, will lie in the interval (0.029,0.235) whem, and

is equal to 100 GeV. The reduction of t8nresults in de- tanBe(0.88,0.947 at mg —200 GeV
creasingf,,,, as a function oanz. For example, in the case e s, .

my, =110 andmy =125 GeV(all the remaining parameter |ncreasing the heavy neutrino masses and the valués of
values are unchangeavhen tarB has been set to 0.3 we does not cause an appreciable change of the results obtained.

have In the case when the muon AMM is due to the contribu-
tions fromS; andh bosons the contours 93.8 and 512.8 in
f,..€(0.009,0.049 when m, =100 GeV the mg Vs tanB parameter space are represented in Fig. 7.
q The choice of the model parameters is as follows:
an
my =110 GeV, my =125 GeV,
f,..€(0.014,0.079 when m, =200 GeV. ® 7
. . . . 1 f T
The results obtained are practically unchanged on increasine " |.............. 1,2‘ ....... T T T T
v, up to its maximum value. tanfi 0.9 - 5128 .
0.8 F .
C. Scenario with contributions from S; and h™) bosons 07k i
At present we assume that the muon AMM value can be 06 L |
explained by the&s,-boson contribution only. To suppress the '
contributions coming from the remaining Higgs bosons it is 0.5 - .
enough to assume that 04l 4
a~1, py~1, p3gl2—p;~1 (80) 0.3 8
~ 0.2 ]
(it will make theh(), A{,7), andd‘") bosons superheayy o 938

The contours 93.8 and 512.8 in thes vs tang parameter

space are represented in Fig. 6. In numerical calculations thi
following parameters values have been used:

120 130 140 150 160 170 180 190 200
mg,, GeV

FIG. 7. Contours of the one-loop contribution from t8gand

fuu=0.04, My, = 110 Gev, my =125 GeV, h(-) bosons to the muon AMM.
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v =17 Gev, f,,=0.04 (81 nance peaks in the whole series of processes. For example,
the S; boson could be observed as resonance splashes in the
With decrease ob, the value of tajg comes closer and Cross sections of the reactions
closer to 1, while an increase of results in the removal of

the values of tap from 1 to 0. An increase of the heavy prnTmpt e (82
neutrino masses does not in practice influence the behavior
of the contours shown in Fig. 7. On increasefgf, there is weT—ue’, (83

a reduction of the allowed values of t@nwith growth of
Ms, values. For example, whef,,=0.1 (all the remaining which have almost no background. The reacti¢8® and

parameters are unchangethen atmg = 165 GeV the val- (83 may be investigated right now, because the energy of

L . the muon beams used in the current experiments is rather
ues of tarB lie within the interval(0.0015, 0.454Rand at X . ) )
m51=200 GeV they lie within the intervald.0211, 0.556R high. The Spin Muon Collaboration at CERN has been work

ing with muon beams having energy 190 GEA6] and the
Fermilab experiments investigating the muon-proton interac-
VIl. CONCLUSIONS tion have been using muons with energies of 470 G£XI.

The reactiong82) and (83) can also be investigated at the

We have considered the Higgs boson sector of the LRMyon colliders(MC’s) which are now in design. For detec-
as a source of the muon AMM value observed at BNL. Thejjon of theh() bosons one could employ the reactions

contributions from the interactions of the doubly charged
Higgs bosons £{,7)), the singly chargedh(™) and3™)), e ve—W;Zy, (84)
and the lightest neutralS;) Higgs bosons both with leptons
and with gauge bosons were taken into the account. The
value of the muon AMM found represents a function of the

Higgs boson masses and the Higgs boson coupling constanfgich haves-channel diagrams with the exchange of the
(CC’s). For the majority of the SM extensions the informa- (=) po5on3g]. Ultrahigh energy cosmic neutrinos could be

tion about the Higgs boson masses is at the level of knowlygey for studying these two reactions at such neutrino tele-

edge of the lower borders only. The situation with the CC’s 'Sscopes as BAIKAL NT-200. NESTOR. and AMANDA.
even more pessimistic. The experimental data derived up to \vever one importani point to ’remember is that the

novy do not allow one to obtain the constraints,on all thefine-tuning of the parameters always corresponds to an ex-
CC s. We manageq to sho_w that most of the CC's are f.un_cfremely rare expedient is used in nature. For this reason a
tions of the neutrino oscillation parameters.. From Fh|s ityariant with wider range of the parameters ensuring agree-
turned out that the values of these CC's are in practice N ent hetween theory and experiment is preferable. The situ-

sensitive to the masses and the mixing angles in the lightsion with the dominating contribution to the muon AMM
neutrino sector. They are mainly defined by the values of th (—) () . .
Er mAj, ' andés "’ bosons is just such a case. However, in

heavy neutrino masses and by the mixing angles between tt . fill far f final definit f the h
light and the heavy neutrinos. It should be particularly em- IS case we are stil far from a fina’ definition of the heavy

phasized that this property is common for all the modeis with€Ulrino parameters. Having established the value,pf
the “seesaw” mechanism, i.e., for the models with one or’L @ndug, we shall obtain only two equations for the defi-
more heavy neutrinos. Having expressed the CC’s throughition of the quantitiesp,, 6y, my , andmy, which is
the heavy neutrino sector parameters we have expanded tRBViously not enough. Certainly it is possible to select the
range of experiments in which the CC’s can be measurecconventional way too. Of the five parameters of the heavy
Now information about the CC’s can also be obtained byneutrino sector¢, ,¢.,0n,my ,my ), we may fix four pa-
investigation of processes with heavy neutrinos. It is importameters and vary only one, say, . With this approach,

tant to keep in mind that these processes might not includg,stead of the contours shown in Iéig. 5, we shall have con-

the Higgs bosons at all. tours constructed imy vsm,, parameter space, which wil

To explain the observed value of the muon AMM by con- not introduce anything essentially new to our analysis. The

tributions from eitherS; and h™) bosons or from both of . int here i hing el v wh
them, it is necessary to assume thatfas close to 1. To put most |mp'orta}nt point here Is somet INg €€, Namely, when
’ : the contribution to the muon AMM s truly caused by the

this another way, coincidence with the BNL 2000 result will * ~ " "~ 0 (o) A

take place at quasidegeneracy of the bidoublet VEWs ( 21 ' o), and/orA}™) bosons, a further way of defining
~k,), i.e., at the fine-tuning of the bidoublet VEV’s. As in the parameters (_)f the heavy neutrinos Wltho_ut the_lr direct
this case the borders obtained on the Higgs boson parameté¥@servation is evident. For example, we could investigate the
weakly depend on the neutrino sector parameters, the reco{gactions

ery of some information concerning the masses and the mix-

€ Ve b V,, (85)

ing angles of the neutrinos will be rather difficult. However, I ey RV U (86)
the reverse side of this history is the fine capability for de-

tecting ofS; and ofh(™) bosons. It appears that when f&n BT (87
is close to 1 then the values of the CC’s fof”) and S;

bosons are such that these bosons can be observed as reso- Mmoo p——T T, (88)
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which may be observed at MC's. All these reactions gotions (87) and (88) will yield information aboutf,, and

through thes channels with exchanges of tig , ) bosons.

f,,, respectively. Then the use of Eq&1)—(45 will

Therefore, their cross sections have two resonance peaks ralow one to define the regions in which the values of

lated to the Higgs bosons. Detecting the reacii@@) will

allow us to determing , ,, while investigation of the reac-

the heavy neutrino masses and the mixing angles are
constrained.
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