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Abstract: b — s77 and b — cTv measurements are highly motivated for addressing lepton-flavor-
universality-violating (LFUV) puzzles, such as Ry, Rj/y and Ry(.) 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.



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 — ¢/(7)v. One prominent example of this type is R (), defined as:
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The anomalies of ~ 1.3¢ and ~ 2.7¢ have been observed in measuring Rp and Rp-, respectively . Another
example is
_ Br(B. — J/¢1v)
RJ/TZJ = .
BR(B. — J/¢tv)
As the analogue of R () in B.-meson decays, I 5/, is measured to be ~ 20 away from its SM prediciton?.

Anomalies also present in flavor-changing-neutral-current (FCNC) b — sff processes, often termed as
Ry (-) anomaly, with R (., being given by
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Ry = 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 — c7v and extending the
FCNC measurements from b — sff to b — s77. 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 Rpy.) measurements>*, Meanwhile,
the sensitivities on b — s77 decay rates can also reach O(10~%)**. 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 B, produced are limited. For even heavier
b-hadrons, e.g. B. or A, 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 10xTera-Z
BY BY 53x100 ~6x10 1.2x10% 1.2x10" 1.2x10"
B* 5.6 x 1019 ~6x 1018 1.2x10% 1.2x10"" 1.2 x10!?
B,, By, 57x10® ~2x10® 3.2x107 3.2x10° 3.2x10"
BF - ~2x 101 22x10° 22x10% 2.2x10°
Ay, Ay - ~2x1018 1.0x107 1.0x100 1.0 x 101

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 Y (4S5) mode with an integrated luminosity of 50 ab~! and at Y (55) with 5 ab—1,
and estimate the LHCb productions following the bb acceptance in>. The production fractions for BY/B°,
B¥*, B,/B, and Ay/A, are taken as the average proposed in®. As for BE, we use its production rate at Z
pole in” for calculation, with B} 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 and Ay/A,
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



potential of Z factories is pointed out in®°, 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 I, LHCb and
future Z factories is summarized in Table 1. At Tera-Z as planned for CEPC, the productions of B/ BO
and BT are comparable to those at Belle II, while B/B; is nearly two orders more. ILC and FCC-ee
are expected to run at Z pole also, with a plan of Giga-Z'? and upgraded Tera-Z (namely, 10xTera-Z)'!
respectively.

Furthermore, the high center of mass energy achieved at Z pole makes LFU tests more advantageous
there. In fact, the relevant b — c7v and b — s77 measurements heavily rely on the reconstruction of the
displaced decaying 7 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 7 lepton and c-hadron in the tracker, and hence allows them to be measured with a
higher precision in both energy/momentum '? and direction®°. 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
inb — cTv or b — s7TT 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 — ¢t and b — s77 measurements
at future Z factories systematically. The constraints on LFUV new physics will be also be studied based on
projected sensitivities.
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