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Abstract: b → sττ and b → cτν measurements are highly motivated for addressing lepton-flavor-
universality-violating (LFUV) puzzles, such as RD(∗) , RJ/ψ and RK(∗) anomalies, raised by the data of
LHCb, BELLE and BarBar. The planned operation of future e−e+ colliders as a Z factory provides a great
opportunity to conduct such measurements, because of its relatively high production rates and reconstruc-
tion efficiency for B mesons at Z pole. In this project we will pursue a systematic sensitivity study on these
measurements at future Z factories. The implications of the outcomes for LFUV new physics will be also
explored.
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It has been known for a while that multiple anomalies exist in the measurements of B-meson physics.
Deviations from the SM prediction appear in flavor-changing-charged-current (FCCC) processes which in-
volve the transitions of b→ c`(τ)ν. One prominent example of this type is RD(∗) , defined as:

RD(∗) ≡
Br(B → D(∗)τν)

Br(B → D(∗)`ν)
. (1)

The anomalies of∼ 1.3σ and∼ 2.7σ have been observed in measuringRD andRD∗ , respectively1. Another
example is

RJ/ψ ≡
Br(Bc → J/ψτν)

BR(Bc → J/ψ`ν)
. (2)

As the analogue of RD(∗) in Bc-meson decays, RJ/ψ is measured to be∼ 2σ away from its SM prediciton2.
Anomalies also present in flavor-changing-neutral-current (FCNC) b → s`` processes, often termed as
RK(∗) anomaly, with RK(∗) being given by

RK(∗) ≡
Br(B → K(∗)µ+µ−)

Br(B → K(∗)e+e−)
. (3)

Since these values are ratios between lepton-flavored quantities, systematic errors are expected to be largely
cancelled in measuring these observables. The presence of the said anomalies may indicate the existence of
new physics violating lepton flavor universality (LFU), although more data need to be accumulated before
any conclusive statement can be made.

Addressing these anomalies naturally requests precise measurements of b → cτν and extending the
FCNC measurements from b→ s`` to b→ sττ . So far, the full run of Belle II and upgrades of LHCb in the
future are expected to provide relative precisions of percent level on RD(∗) measurements3;4. Meanwhile,
the sensitivities on b → sττ decay rates can also reach O(10−4)3;4. With large statistics, systematic errors
may play important roles in these measurements and start to dominate at Belle II3. Therefore, independent
results from other experiments provide valuable cross-checking of their results. It is also well known that at
B factories like Belle II, the number of heavy b-hadrons such as Bs produced are limited. For even heavier
b-hadrons, e.g. Bc or Λb, they cannot be produced at Belle II. Consequently, for LFU tests of these heavy
b-hadrons, we have to rely on LHCb solely in the future without other new experiments.

Channel Belle II LHCb Giga-Z Tera-Z 10×Tera-Z
B0, B̄0 5.3× 1010 ∼ 6× 1013 1.2× 108 1.2× 1011 1.2× 1012

B± 5.6× 1010 ∼ 6× 1013 1.2× 108 1.2× 1011 1.2× 1012

Bs, B̄s 5.7× 108 ∼ 2× 1013 3.2× 107 3.2× 1010 3.2× 1011

B±
c - ∼ 2× 1011 2.2× 105 2.2× 108 2.2× 109

Λb, Λ̄b - ∼ 2× 1013 1.0× 107 1.0× 1010 1.0× 1011

Table 1: Number of b-hadrons expected to be produced in Belle II, LHCb and future Z factories. We assume
that Belle II will run at Υ(4S) mode with an integrated luminosity of 50 ab−1 and at Υ(5S) with 5 ab−1,
and estimate the LHCb productions following the bb̄ acceptance in5. The production fractions for B0/B̄0,
B±, Bs/B̄s and Λb/Λ̄b are taken as the average proposed in6. As for B±

c , we use its production rate at Z
pole in7 for calculation, withB∗

c decays being included, and then project this number to LHCb by increasing
its value by three orders as a rough estimation. Note, Belle II will have no statistics on the B±

c and Λb/Λ̄b
productions due to the limitation of energy threshold.

It turns out that Z factories are great new options for studying the flavor physics, because of their
relatively high production rates and reconstruction efficiency of heavy flavored hadrons. The flavor physics
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potential of Z factories is pointed out in8;9, but far from complete. We first notice the large number of
b-hadrons produced at Z factories. The number of b-hadrons expected to be produced in Belle II, LHCb and
future Z factories is summarized in Table 1. At Tera-Z as planned for CEPC, the productions of B0/B̄0

and B± are comparable to those at Belle II, while Bs/B̄s is nearly two orders more. ILC and FCC-ee
are expected to run at Z pole also, with a plan of Giga-Z 10 and upgraded Tera-Z (namely, 10×Tera-Z)11

respectively.

Furthermore, the high center of mass energy achieved at Z pole makes LFU tests more advantageous
there. In fact, the relevant b → cτν and b → sττ measurements heavily rely on the reconstruction of the
displaced decaying τ lepton or c-hadron. The said Z factories produce b-hadrons more boosted, compared
to Belle II. This feature results in a weaker effect of multiple scattering for particles such as the charged
decay products of the τ lepton and c-hadron in the tracker, and hence allows them to be measured with a
higher precision in both energy/momentum12 and direction8;9. Moreover, boosted particles tend to decay
with a larger displacement, which will further reduce the uncertainty of reconstructing their decay vertexes.

Another reason why Z factories are the ideal facilities for LFU tests is their nature of lepton collider.
In particular, Z factories enjoy negligible pile up, good detector geometric coverage and a fixed center of
mass energy, allowing a good precision on missing momentum. The situation is drastically different at
the hadron collider detector such as LHCb, which has a limited geometric coverage, large combinatorial
backgrounds and uncertainties coming from proton PDF. The missing momentum of a certain event hence
cannot be directly determined at LHCb by momentum conservation. Since extra neutrinos will be produced
in b→ cτν or b→ sττ decays, the precise missing momentum reconstruction will be beneficial for testing
LFU.

Based on the discussions above, Z factories may serve as the leading experiments for many flavor
physics searches. We propose to evaluate the full potential of multiple b→ cτν and b→ sττ measurements
at future Z factories systematically. The constraints on LFUV new physics will be also be studied based on
projected sensitivities.

3



References

[1] A. Abdesselam et al., “Measurement ofR(D) andR(D∗) with a semileptonic tagging method,” 2019.

[2] R. Aaij et al., “Measurement of the ratio of branching fractions B(B+
c → J/ψτ+ντ )/B(B+

c →
J/ψµ+νµ),” Phys. Rev. Lett., vol. 120, no. 12, p. 121801, 2018.

[3] W. Altmannshofer et al., “The Belle II Physics Book,” 2018.

[4] R. Aaij et al., “Physics case for an LHCb Upgrade II - Opportunities in flavour physics, and beyond,
in the HL-LHC era,” 2018.

[5] J. Albrecht, F. Bernlochner, M. Kenzie, S. Reichert, D. Straub, and A. Tully, “Future prospects for
exploring present day anomalies in flavour physics measurements with Belle II and LHCb,” 9 2017.

[6] Y. S. Amhis et al., “Averages of b-hadron, c-hadron, and τ -lepton properties as of 2018,” 2019.

[7] X.-C. Zheng, C.-H. Chang, and Z. Pan, “Production of doubly heavy-flavored hadrons at e+e− collid-
ers,” Phys. Rev. D, vol. 93, no. 3, p. 034019, 2016.

[8] M. Dong et al., “CEPC Conceptual Design Report: Volume 2 - Physics & Detector,” 2018.

[9] A. Abada et al., “FCC-ee: The Lepton Collider: Future Circular Collider Conceptual Design Report
Volume 2,” Eur. Phys. J. ST, vol. 228, no. 2, pp. 261–623, 2019.

[10] K. Fujii et al., “Tests of the Standard Model at the International Linear Collider,” 8 2019.

[11] A. Abada et al., “Future Circular Collider,” 2019.

[12] N. Berger, M. Kiehn, A. Kozlinskiy, and A. Schöning, “A New Three-Dimensional Track Fit with
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