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B-meson anomalies: Rx and Ry
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B-meson anomalies: Rx and Ry
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B Assuming the lepton flavor universality (LFU),
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B Theoretical predictions in the SM for Ry are very accurate:
hadronic uncertainties cancel.

» Theoretical uncertainties are @'(1%) (M. Bordone et al, arXiv:1605.07633).


https://arxiv.org/abs/1605.07633

B-meson anomalies: effective operators
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B-meson anomalies: effective operators
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e vector coupling: ol =(sy,p.b)(ly"), 6" =(3r,Prb)(Cr"e),

o axialvector coupling: &} = (5y,P.b)(Ly"y°t), 65 = (57, Pxb)(lr"7°L).

Global fit results (B. Capdevila, arXiv:1704.05340)
6y =—1.11 or
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https://arxiv.org/abs/1704.05340

B-meson anomalies: effective operators
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For an effective Hamiltonian,
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B-meson anomalies: new physics models
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B Flavored Z’ model:
~%,>(g"Z 5y Pib+h.c.)+ 8" Z iy Py
B Leptoquark model (For s; being (3, 3, 1/3) triplet scalar):
—%1023QLS; +y,Q08] +h.c.
B Loop mediators (For a fermion W and two scalars &, and ®,):
% DT QiPRUP o+ T L;Pplid, +h.c.

See G. D’Amico et al, arXiv:1704.05438 and references therein.


https://arxiv.org/abs/1704.05438

B-meson anomalies: flavored Z’ models
Lu - LT

m The U(1) interactions must be flavor-dependent (flavored 7).

B The anomaly-free condition restricts the viable classes of U(1)’
models.

B The simplest model with LFTis U(1) L~L.-

» Extra matters such as vector-like quarks are required.

W. Altmannshofer et al,

arXiv:1403.1269, 1508.07009 P Ko etal, arXiv:1702.02699


https://arxiv.org/abs/1403.1269
https://arxiv.org/abs/1403.1269
https://arxiv.org/abs/1508.07009
https://arxiv.org/abs/1702.02699

B-meson anomalies: flavored Z’ models
By— Ly

®m U(1),_, with three vg’s.
» gauge anomalies cancel within each generation.
» generation of neutrino masses requires at least two vy’s.
» flavored B—L: B;—L; (i=1, 2, 3), in particular B; — L; for B-anomalies
(R. Alonso et al, arXiv:1705.03858)

BUT, the extra vector-like quarks and leptons are still required to have
mixing between the third generation and the first two.


https://arxiv.org/abs/1705.03858

The flavored Z’ model

Consider the linear combination of L, — L; and B; — L5:*
(L. Bian, S.-M. Choi, Y.-J. Kang, H. M. Lee, arXiv:1707.04811, L. Bian, H. M. Lee, CBP, arXiv:1711.08930)

Qz =J’(Lu _LT)+'x(B3 _L3)

(xand y are real parameters)*

B Two Higgs doublets H, and H, are necessary to have quark masses

and mixings.
» Only H, has the U(1)’ charge. The off-diagonal components of quark
mass matrices are obtained from (H,).

B A complex singlet scalar S is necessary to have the Higgs bilinear
term H{r H,.

B The neutrino masses are generated by extra singlet scalars, @,
(a=1,2,3).

*cf. linear combinations of L, — L; and By + B, —2Bg (A. Crivellin et al, arXiv:1503.03477) or
B3 —L; (P.Ko etal, arXiv:1701.05788)
Ty could be removed by rescaling the 2’ coupling g


https://arxiv.org/abs/1707.04811
https://arxiv.org/abs/1711.08930
https://arxiv.org/abs/1503.03477
https://arxiv.org/abs/1701.05788

The flavored Z’ model
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m If H, — H, and hg.’d =0, the model corresponds to the type-1 2HDM
+ singlet scalar.



B-meson anomalies: the flavored Z’ model
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Integrating out Z’ by the equation of motion,
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Thus,

The best-fit value 6, =—1.10

(B. Capdevila, arXiv:1704.05340) gives us
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B The b-quark transition is a

only through CKM.



https://arxiv.org/abs/1704.05340

The flavored Z’ model: Higgs sector

Two Higgs doublets H;, H, + singlet scalar S:

V(H,, Hy, 8)= 5| Hy > + p3| Hy|* — (uSH] Hy +h.c.)
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The flavored Z’ model: quarks

Recall the quark mass matrices:

yis(Hy) i (Hy) 0
M, = yéll(Hl) J’E‘Z(Hl) 0 ’
h§1(~2> hé‘g( H,) J’é%( H, )
J’fl (Hy) J’fi2<H1> hil3 (Hy)
M= J’gl <H1) ygz <H1> hgg <H2>
0 0 ygg(Hl>

The mixing with the third generation is induced by H,.



The flavored Z’ model: quarks

For Vexm = D; and Dy = 1, the flavor-violating couplings are determined
by Vekw, tan B, and yj;.
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3 v2cos? 8’

Vor (15 + oo (M) =0, yy () )" + (B, ) = 0.

The physical couplings are i = D! h?Dy and h* = U} h*Uy:
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B small tan S = large flavor violation.



Higgs productions and decays at the LHC: charged

B The standard channels for charged Higgs production are top quark
associated process, bg — tH™.

b

B The bottom quark associated production is possible:
u;g— bH" (u;=u, ¢

u, ¢




Higgs productions and decays at the LHC: charged
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B The bottom-quark associated production can be dominant process
for the charged Higgs if tan 8 is small.



Higgs productions and decays at the LHC: charged

tanp =1, cos(w — B) = 0.05

tan B = 0.5, cos(a — B) = 0.05
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m If kinematically allowed, H" — W™ h is always the most dominant
channel.

> [pp—»Hib—» W*h+ b—»3b+éi+ET]
will be the smoking gun signal at the LHC and future hadron colliders.




