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Bounds for lepton flavor violation and the pseudoscalar Higgs boson in the general two Higgs
doublet model using theg—2 muon factor
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Current experimental data from tlge-2 muon factor seem to show the necessity of physics beyond the
standard mod€lSM), since the difference between SM and experimental predictions is approximatelyir2.6
the framework of the general two Higgs doublet model, we calculate the muon anomalous magnetic moment
to get lower and upper bounds for the flavor changing Yukawa couplings in the leptonic sector. We also obtain
lower bounds for the mass of the Higgs pseudoscatgp) as a function of the parameters of the model.
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Current muon anomalous magnetic momaptdata have Moreover, a very interesting suggestion to conciliate the
challenged the standard mod@M) and seem to open a new experimental data with theoretical predictions is to con-
window for new physics. Because of the high precision insider models that include flavor-changing neutral currents
thea, value, it gives very restrictive bounds on physics be-(FCNC) at the tree level. Interactions involving FCNC are
yond the SM. Although thea, measurement is about 350 forbidden at the tree level in the SM, but could be present at
more premse{l] a, is much more sensitive to new phySICS the one loop level as in the case &f—>sy [5] KO
because contrlbutlons t@m are usually proportional tmI ot [6], KO- KO [7], t—cy [8], etc. Many extensions

The most accurate measuremeniagfhitherto has been o yhe S permit FCNC at the tree level. For example, the
provided by the quokhaven Alternating Gra}dlent S3.’”'introduction of new representations of fermions different
crotron (AGS) [2]. Their data have an error that is one-third from doublets produce them by means of Theoupling[9].

that of the combined previous d4{@]; Ref. [2] reports Additionally, they are generated at the tree level by adding a
a,+=1165920214)(6) X 10 10 (1)  second doublet to the SMO], such couplings can be gotten
as well in supersymmetr§SUSY) theories withouR parity.

On the other hand, SM predictions faj, have been es- The first one loop electroweak corrections fva),” were
timated taking into account the contributions from QED, calculated in Refs[11], and calculations coming from one
hadronic |OOpS and electroweak corrections. The final Curfoop H|ggs boson contributions were carried out in Refs.
rent result ig1,2] [12].

Some other important new sources for FCNC might be
provided by a muon collider, as the processas
— u7(er) mediated by Higgs exchang#3,14], which pro-
duce lepton flavor violatiofLFV).

Aa/’jP: azm_ ai'\"=42.6( 16.5 %1010, (3) However, there are several mc_achanisms to avoid FQNC at
the tree level. Glashow and Weinbdrb] proposed a dis-
whereaiXp is the world average experimental valid. Con-  crete symmetry to supress them in the two Higgs doublet

a5"=11659159.76.7) x 10~ *°. 2

Taking into account Eq.2) we obtain

sequently, at 90% C.L., model (2HDM) which is the simplest one that exhibits these
rare processes at the tree level. There are two kinds of mod-
21.5<10 1%<Aa)P<63.7<10 1, (4)  els which are phenomenologically plausible with the discrete

NP symmetry imposed. In the model type I, one Higgs doublet
Aa,"” gives the room available for new physics, 8" provides masses to the up-type and down-type quarks, simul-
dlffers from aﬂ approximately in 2.6. Therefore physics taneously. In the model type Il, one Higgs doublet gives
beyond the SM is needed to achieve an acceptable theoretiaalasses to the up-type quarks and the other one to the down-
experimental agreement. The most studied contributions ttype quarks. But the discrete symmefdp] is not compul-

a, has been carried out in the framework of radiative muorsory and both doublets may generate the masses of the
mass models as well as the minimal supersymmetric starguarks of up-type and down-type simultaneously; in such
dard model(MSSM), Eg string-inspired models, and exten- case we are in the model type [I16]. It has been used to
sions of MSSM with an extra singlé¢4]. search for FCNC at the tree levidl7,18|.
Recently, the 2HDM type Il has been discussed and clas-
sified[19], depending on the way in which the flavor mixing

*Email address: radiaz@ciencias.ciencias.unal.edu.co matrices are rotated, showing that there are two types of
"Email address: romart@ciencias.ciencias.unal.edu.co rotations which generate two Lagrangians in the leptonic
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erated from them in the limit in which the FC vertices van- We consider a CP-conserving model with a parametrization
ish. It has been pointed out that the bounds for the free pan which both Higgs doublets acquire a vacuum expectation
rameters of the 2HDM type Il depend on the rotation usedvalue (VEV):

for the mixing matrices.

In this paper, we calculate the contributionsita),” com- 0 0
ing from the 2HDM, which includes FCNC at the tree level. (P1)o= v 2) (P2)o= v,I\2) ©
We will constrain the FC vertex involving the second and ' 2
third charged leptonic sector by using the result L&HL\L‘P, The neutral mass eigenstates are giverj2i}

Eqg. (4). Additionally, we get lower bounds on the Higgs

Pseudoscalar masSPby taking into account the lower experi- (Gg) ( cosB  sin ,3) V2Img?
mental value ofAa," at 90% C.L. and making reasonable ol = . ,
o —
assumptions on the FC vertex. A sing cosp/ | \21mg;
The Yukawa’s Lagrangian for the 2HDM type lll, is as
: grang yp HO cosa sine\[V2Re¢d—uv,
follows: _ )
h® —sina cosa)\ 2 Repd—v,/’
—£y= 71 QiL®1Ujr+ 7] QiL®1Djr+ 7 1 1L P1E g where tamB=v,/v, and a is the mixing angle of the

U= = b= e CP-even neutral Higgs sectdg; is the would-be Goldstone
+H&QiLPUjrT §jQiLP2Djrt &ijliL P2EjrTH.C. boson ofZ and A° is the CP-odd neutral Higgs boson.
(5) Now, to convert the Lagrangiaf®) into mass eigenstates
we make the unitary transformations

where®, , are the Higgs doubletsy;; andé;; are nondiago- EL,R=(VL,R)EE'R (8

nal 3X 3 matrices and, j are family indices. In this work, we
are interested only in neutral currents in the leptonic sectofrom which we obtain the mass matrix
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whereMg'#9 is the diagonal mass matrix for the three lepton + WEME'agyE,EG + 55 EME®9ysEA
families. From Eq(9) we can solve fo®? obtaining w w
co V2 4 diag, U1 g0 — ——ExFE[sin(a— B)H+coga— B)h°]
&T=—V Mg™Vg——7n~ (10 \/ZSinB
U2 U2
which we call a rotation of type I. Replacing it into EG), - '_ E7EysEA%+H.c., (11)
the expanded Lagrangian for the neutral leptonic sector is V2sin B
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where the superindei{) refers to the rotation type I. It is In the present report, we calculamaNP in the 2HDM
easy to check that Lagrangiddl) is just the one in the WI'[h FC interactions. If we assume thm2<m and m?,
2HDM type 1[20], plus some FC interactions. Therefore we 2 25 110 0 in the calculation of the Feynman mtegrals the
obtain the Lagrang|an of the 2HDM type | from EG1) by onribuiion at the one loop level from all neutral Higgs

setting »5=0. In this case it is clear that when t8r-0 bosons is given b
then »E should go to zero, in order to have a finite contribu- g y
tion for FCNC at the tree level. m,
On the other hand, from E) we can also solve fop™®  Aa,= E bz[ F(my, )+ G(mH )| +a?| F(my)
instead of¢EC, to get 167° '
V2 i U2 _ M
ﬂE'O:_VIM glagVR_ _é_—E,O (12) 3mTG(mHi) y (14)
U1 U1
where

which we call a rotation of type Il. Replacing it into E¢)
the expanded Lagrangian for the neutral leptonic sector is

g =ndi 0 . 0 G(rnHi)E 2 _ M2 \4
£Y(E) WEME'agE(COSaH —smah) mHi(l mHi)

2 2 2 4 -6
2+3my +6mj, In(mHi)—GmHivLmHi

ig tanf—
2Myy

ig diag 0_
+ My, EMY30, EGO—

EMa0,, £ A0 . B [3+mg (M —4)+2 Inmf, Jmy, s
(mHi)_ m (1—[’}]2 )3 ( )
H; H;

_ T =¢E H _ 0 _ 0 N
+\/§cos,8E§ E[sin(a—B)H"+coga=p)h7] with my =m,/my. The sum is over the indexi

=mpo,Myo,Mpo. @;,b; are the coefficients of the Feynman
o= 0 rules for scalar and pseudoscalar Higgs bosons, respectively.
+\/§c—os,8E§ ysEA"+H.C. (13 \we have neglected the contribution of the charged Higgs
boson, because of two reasons: on one side, the contribution

The Lagrangian(13) coincides with the one of the 2HDM involves the neutrino mass and on the other hand, the CERN
type 11 [20], plus some FC interactions. So, the Lagrangiar€ € collider LEP bound on its mass is,-=>80.5 GeV.

of the 2HDM type Il is obtained settingF=0. In this case it Additionally, we can notice tham,/3m,G(my)<F(my )

is clear that when tag— then £E should go to zero, in and its contribution is negligible. However we include it for
order to have a finite contribution for FCNC at the tree level.completeness.
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FIG. 5. (Top) Contour plot ofmuo Vs «, for rotation type Il, with
mp=110 GeV,m o=300 GeV and ta@=1. Dashed line corre-
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=110 GeV, my0o=300 GeV, a=/6, and for rotation type II.
Dash-dotted line corresponds §g .= 2.5X 104, dashed line cor-
responds to§,.=2.5x 1073, and solid line corresponds 16,
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If we take into account the experimental dédg, we get
some lower and upper bounds on the mixing verig) , .
for the rotations of type (Il). In Fig. 1, we display lower and
upper bounds for the FC vertices as a function ofstdar
both types of rotations witln,o=myo=150 GeV andmuo
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type I, we can see that when 1&n:0, 7, should go to zero
as well to maintain a finite contribution tda,, . This behav-
ior can be seen from Fig. 1. For rotation type Il occurs the
same but in the limit tg8— .

In Fig. 2, we show lower and upper bounds for the FC
vertex as a function ofmyo for rotation of type Il when
mpo=myo and myo—o°. We see that the larger value for
tang the smaller value of,, .. We only consider the case of
rotation type Il because there is a complementary behavior
between both rotations as could be seen in Fig. 1. In particu-
lar, for tarnB=1, the behavior of the bounds for both rota-
tions is the same.

Observe that according to the Feynman rules from Eqgs.
(11) and (13), the scalar(pseudoscalar contribution to
Aa},”, Egs.(14) and (15), is positive(negativg. Such fact
permits us to impose lower bounds on the pseudoscalar
Higgs mass, by using the lower limit in E@l). According to
this equation the room for new physics frogr-2 muon
factor is positive definite, and it is a new feature from most
updated resultg2].

Now, to take into account the experimental valdg we
should make a supposition about the value of the FC vertex.
A reasonable assumption consists of taking the geometric
average of the Yukawa coupling®1] i.e., 7(§),,~2.5
x 10" 3. Additionally, we shall use also the valuegé) .,
~2.5x10 2 and () ,,~2.5x 10" * which are one order of
magnitude larger and smaller than the former. Using these
suppositions and the experimental vali4e we get lower
bounds form,o and they are plotted in Figs. 3-5.

Figure 3 displaysn,o vs tarB using rotation type Il with
the three values of,. mentioned above and setting,o
=myo with m,0=110, 300 GeV. It could be seen that in
the limit of large tamB, the lower limit reduces tmao
~mpo. The same behavior can be seen in rotation type | but
the boundmpo~myo is gotten in the limit of small taf. We
also see that the smaller valuef; the stronger lower limit
for muo.

Figure 4 showsmpo vs myo with &,,=2.5x1073, 2.5
X102 and tagB=1, usingm,o=mgo andmpo=110 GeV.
With this settings, the valug,,=2.5x10"* is excluded.
Using such specific arrangements, the bounds are identical in
both types of rotations.

In Fig. 5 we suppose thatm,=110 GeV, myo
=300 GeV. The top figure shows the sensitivity of lower
bounds ormo with the mixing anglex, for rotation type I,
taking tarB=1. The value¢,,=2.5x10"* is excluded
again. The constraints are very sensitive to thamixing
angle for ¢,,=2.5x10 2 but less sensitive fog,,=2.5
X 10 2. The bottom figure showsn,o vs tarB for myo
=110 GeV,my0=300 GeV, a==/6, for rotation type Il
and considering the same three valueségf. The mpo
lower asymptotic limit for large tgh is approximatelymyo.

In conclusion, we have found lower and upper bounds for
the FC vertexy(§) ., in the context of the general 2HDM by

—o. In the first case, rotation type I, the allowed region forusing the allowed range faka,” at 90% CL and utilizing

7,18 0.0%= 7,,,<0.13 for large values of tg Meanwhile,
for rotation type I, the allowed region for small taris the

several sets of values for the parameters of the model. Addi-
tionally, in the limit myo—o0, we get that for smalllarge

same. From Lagrangiar{1l), which describes rotation values of tag the allowed range for the FC vertex,(¢,,,)
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becomes narrower, and both upper and lower bounds go tower bounds fomuo. Additionally, assumingn,o=m;o, we
zero in the rotation of type (). show that in the limit of smal{large tang the lower bound
On the other hand, we have gotten lower bounds on thef myo becomes merelyn o~myo for rotation of type I(Il).
pseudoscalar Higgs mass of the 2HDM coming from ghe In the case of different scalar masses, there is still a lower
—2 muon factor, by using the experimenta| Va|ueﬂjl'\:P asymptotic limit foron. Notwiths_tanding, these Iow_er con-
and making reasonable assumptions on the FC verteXraints onmao should be considered careful_ly, since for
7(£),.,. Specifically, we have taken foy(¢),,, the geomet- 7(§) .- we can only make reasonable estimations, but they
ric average of the Yukawa couplings, and we also utilized®"® Unknown so far.
values one order of magnitude larger and one order of mag-
nitude smaller. Taking these three values for the FC vertex This work was supported by COLCIENCIAS, DIB, and
we find that smaller values fap(§) . imply more stringent  DINAIN.
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