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1. The modd

Many extensions of the Standard Model (SM) predict the erist of an extréd)’(1) gauge
symmetry group and its associat&dooson, which has been an object of extensive phenomenolog-
ical studies [1]. In particular, th8U:(3) x SU_(2) x Uy (1) x U’(1) extended electroweak gauge
group is the simplest extended model that predicts an ertnral gauge boson, known @5bo-
son. This boson can induce flavor-changing neutral cur@@HNC) at the tree level through the
Z'f; f; couplings, wherd; and f; are always fermions of different flavor. We consider the nyene-
eral renormalizable Lagrangian that includes FCNC, mediaty this new massive neutral gauge
boson, which is predicted in several extended models [2, 3]:

Lne=) [fi v (Quriej P+ Qreirj PR Fj + £ V7 (QU ¢4 AL+ Qg1 PR) fi] Zars (1.1)

1

whereR_r are the chiral projectors ar¥j, represents the new neutral massive gauge boson. The
Qi1 Qref; parameters represent the strength of Zhg f; couplings. For simplicity, we as-
sume thalQ, 1, = Qr1;1, andQr¢ 1, = Qrf 1, The Lagrangian in Eq. (1.1) contains both flavor-
conserving and flavor-violating couplings. The flavor-camg couplinngER [4], are related to
the Q couplings af2 11, = —ng[i andQgyy, = —ngg, whereg, is the gauge coupling of th#
boson. Here, we only consider the followidgbosons: th&s of the sequentiaZ model, thez, g
of the left-right symmetric model, thg&, arising from the breaking #Q(10) — SU(5) xU (1), the
Zy resulting fromEg — SQ(10) x U (1), and theZ, arising in many superstring-inspired models.
The different models are distinguished by their gauge d¢ngplith theZ’s boson

g2 = \/5/3 sinBy Q1Ag,

whereg; = g/ cosy andAq is a parameter that depends of the symmetry breaking paitioh
is commonly assumed'(1) [5]. In the sequentiaZs model, the gauge couplirg = g;.

2. The decay

The effective Hamiltonian that describes 8§ |l j process (see Fig. 1(a)) can be expressed
as follows [6]

Cert (M)
még — m%, +imz T 2

x[li(p3) Y* (Quigt; AL + Qril; PRI (P4)] + [3(P2) Y¥ (QuosPL
+QrodR)b(p)] 1 (Pa) V¥ (R + iy PRI (Po)] 2.1)

Hett = {[8(p2) Y (QuobsPL + QrodR)b(P1)]

wherel 2 is the total decay width of thg’ boson,mBg is the Bg’ meson mass, ars(my) is the
respective Wilson coefficient. To calculate the transiiomplitude(0|.7¢¢|BJ), one can generally
adopt the vacuum insertion method for the evaluation of thgrimelements in Eg. (2.1), which
are given in general as

(Ofsy*ysb|B2) = ifgP*, (O[qy"b|By) =0, (2.2)

whereP is the momentum oB? meson.
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(a) (b)

Figure 1: Feynman diagrams that represent the decayﬁga% lil; and b)u — ey. Both processes are
mediated by &’ gauge boson.

By using Eq. (2.2) and assuming th@kps— Qi ps = Qps, the amplitudes for tth — lil;
decays can be written as

o0 Ca(m)0 | )
M (Bs — I'IJ) o Zmég - m%/-i-imz/rzll'(p4) [(miQRlilj ijLIin)PR
+ (miQLlilj - ijRlilj)Ft} Ij(p3)7 (23)
o 1y 1 feCen(mp)Qos .
A (Bs = I'IJ) o 2m§g_m%/+imz/rzllj(p3) [(ijRlilj
- miQajh)PR—*—(ijthh _miQ>|k?|j|i)Ft:||i(p4)- (24)

The decay width of tth — ljlj process is
Cgff(m)”QbSFmgg fég

32 (mgy — 2 )2+ 3 2|

r(Bg — lilj) = {(|QLli|j|2+|QR|i|j|2)

: _ ) m22 M
(m; +m)? (m, —m,)>
’ J [1_ Mg 1 [1_ Mo 1 -

In the following, we suppose th&l i, = Qrii; = Q-

In accordance with experimental conditions we need to atcfun the sizable effect of the
BY —B_g mixing, in which the decay width difference between Bfemass eigenstates is crucial [7].
In this sense,

Br(BY — lil}) = ol (B — lilj) ~ (1—ys)Br(Bg — il j Jexp, (2.6)
whereTg is the mean life of thB meson,ys = Al g/ (2l go) is the correction factor, beinbg
the average decay width &2 and Al stands for the width difference between Bgmass
eigenstates.
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3. Estimation of the Z’bscoupling from the B — ™~ decay

In the following, we are going to derive the expression fog €y,s, which represents the
intensity of thZ’bs coupling, by using thé{ — u*u~ process, to this purpose, it is resorted to
Eq. (2.5). Since th&2 — u*u~ decay was already measured [8], we will assume that witlgn th
experimental uncertainty the new physics effects couldbbed. Thereby,

— ggcgff(”b)\Qbs\znbgfzoﬁﬁ A2
AT (B — U )exp = = Qf - Q12 |1-—F, (3.1)
32n[(n§g—n§,)2+rr§,r§,] még

whereQ r,, = —ngﬁR. Finally, when inserting Eq. (3.1) into Eqg. (2.6) we obtain

32m(1-ys) | (g — mE.)2+ MET2, | ABI(BY > uil)exp

A2
Tng%Cgﬁ(rn))mBg fBZmeJQILl - Qg|2\ [1- Fg
Bs

It should be recalled that the last equation represents adooeer the strength of th€bscoupling.

|Qps? = (3.2)

4. Constraining the Z’ue coupling from p — e conversion

We will estimate the) ;e parameter through the — ey decay resorting to thg — e conver-
sion, where the contributions of the flavor-violating v&rt&’ue, to theu — ey process are given
by the Feynman diagrams shown in Fig. 1(b). Therefore, wewsi#te the associated branching
ratio as follows

My
— 4.1
r (4.1)

Br(u — ey) == (1—x2)%|1QurQer [2ly1 + Y2 + Y3+ ya|?

N

wherex = m% andr , is the total decay width of the muon. Thg y», y3 andy, variables contain the
loop contributions and are explicitly given in Ref. [9]. Thg parameter can be extracted by using
Eg. (4.1) along with the conversion rate in titanium NucBR(uTi — eTi) = 2—(1)OBr(u — ey) [10].

In order to bounde, we propose two scenarios:

(a) First case: By supposing th@};; Qer = Qpe, it is found thatQ,e|? can be expressed

r CR(uTi — eTi)
Quel? < 4001 . 4.2
Qe My a(1—2)3|y1 + Y2+ Y3+ Yal? .2
(b) Second case: By considering ti3i;Qer = Q71 Qe it is found that
r CR(uTi T
Quef? < 4004 (HTi = eT) 4.3)

My o (1—x2)3|1Qrc2ly1 + Y2+ Y3 +Vyal?

The former scenarios can be justified by thinking that thereni effective coupling between four
charged leptongier T, for example, through a dispersigie — 71 mediated by & gauge boson.
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5. Results and conclusions

In order to estimate values for ti@&,s parameter and branching ratios for 8&— Ty, Te ue
processes, we use the following input datg: = 0.105 GeVme = 0.00051099 GeMn; = 1.77686
GeV,mgy = 5.3668 GeV,fg = 0.230 GeV,Tgy = 2.2876x 10'2 GeV1, Br(B2 — p)exp = (3.0+
0.6703) x 107° [8], ABr(B2 — pft)exp = 0.6 x 1072, ys = 0.065 andCR(uTi — eTi) < 4.3 x
10-12[11, 12]. The Fig. 2(a) shows the behavior@f,|? as a function of th&’ boson mass for the
different models considered. The mass range corresporttie iatervalm; = [2,6] TeV, which
is in strict accordance with current experimental resoid. From Fig. 2, it can be appreciated
that theZ, boson is the responsible for the highest value, while forsdai@e mass interval, the
Z, provides the lowest one. Regarding tBg¢ — Ty, Te decays, we estimate tf®;, and Qe
parameters just as in Ref. [13], by using experimental uppiéts on thetr — eeeandt — puuu
decays [11]. In Fig. 2(b), it can be observed thatZhdoson contribution is BBJ — 1e) ~ 1076,
for the mass intervathy = [2, 3] TeV; while that for theB? — T decay (Fig. 2(c)), once again, the
Z;, boson offers the most intense contribution, being of theood 1076 for the sameny range.
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Figure 2: (a) The parametgfy? as a function of th&’ boson mass. (b) BB — 1e) as a function of
my:. (c) Br(BY — tu) as a function ofmy:.
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Figure3: (a) Br(B — pe) for the scenari® r Qre = Que and (b) B(B2 — pe) for the scenari®;Qre =
Q::Que. The horizontal line represents the experimental boun&f(ﬂsg — He)Exp < L1x 1078,
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In Fig. 3 the numerical results for the @2 — ue) are presented. From this figure we observe
that theZ, is responsible for the main contribution, while the lowese @orresponds to thé,
boson. In particular, for scenario (a), tAg boson offers a BiB2 — pe) ~ 10713 in my = [2,3]
TeV, Br(B2 — ue) ~ 10712 in my = [3.1,5.4] TeV and B(BY — pe) ~ 107! in my = [5.5, 6]
TeV; whereas for scenario (b), 8% — pe) ~ 1071 in my = [2,2.3] TeV, Br(B — pe) ~ 10710
in my = [2.4,4.1] TeV and B(B2 — pe) ~ 10% in my = [4.2,6] TeV, being approximately one
order of magnitude lower than the experimental bound [11].

References
[1] M. Cvetic, P. Langacker and B. Kayser, Phys. Rev. L&8}.2871 (1992); M. Cvetic and P. Langacker,
Phys. RevD 54, 3570 (1996).
[2] P. Langacker and M. Luo, Phys. R&r45, 278 (1992).

[3] J.I. Aranda, J. Montafio, F. Ramirez-Zavaleta, J. J. doscand E. S. Tututi, Phys. Ré¥.82,
054002 (2010).

[4] R. W. Robinett and J. L. Rosner, Phys. RBV26, 2396 (1982); P. Langacker and M. Luo, Phys. Rev.
D 45, 278 (1992).

[5] R. W. Robinett and J. L. Rosner, Phys. RBW25, 3036 (1982); 27, 679(E) (1983); R. W. Robinett,
Phys. RevD 26, 2388 (1982).

[6] M. K. Gaillard and B. W. Lee, Phys. Rel 10, 897 (1974); R. Mohanta, Phys. R&.71, 114013
(2005); S. Sahoo, D. Banerjee, M. Kumar, and S. MohantyJintlod. Phys27, 1250184 (2012).

[7] K. De Bruyn, R. Fleischer, R. Knegjens, P. KoppenburgMérk, and N. Tuning, Phys. Rev. Lett.
109, 041801 (2012); A. Lenz and U. Nierste, arXiv:1102.4274.

[8] R. Aaij et al, (LHCb Collaboration), Phys. Rev. Lefitl1, 101805 (2013); R. Aait al., (LHCb
Collaboration), Phys. Rev. Lett18, 191801 (2017).

[9] L. Lavoura, Eur. Phys. L 29, 191 (2003).

[10] D. N. Dinh, A. Ibarra, E. Molinaro, and S. T. PetcdHEP 08, 125 (2012); J. Hisano and K. Tobe,
Phys. LettB 510, 197 (2001).

[11] M. Tanabashet al, Phys. RevD 98, 030001 (2018).
[12] C. Dohmeret al., (SINDRUM Il Collaboration), Phys. LetB 317, 631 (1993).

[13] J.I. Aranda, J. Montafio, F. Ramirez-Zavaleta, J. Jcdog, and E. S. Tututi, Phys. R&¥.86,
035008 (2012).



