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The anomalous results of several redent syt~ measurements could be initial evidence of
new physics beyond the standard modeb i s transitions. Supposing this to be the case, we
consider a scenario in which a hea\boson is responsible for the anomalies. We further assume
that its interactions also influence the rare nonlepton@ays of theBs meson which tend to be
dominated by electroweak-penguin contributions and arelpisospin-violating. Most of these

Bs decay modes are not yet observed, and their rates are edpedie relatively small in the
standard model. Taking into account various constraingsfimd that thez’ effects can enhance
the rates of some of the decays, particulﬁ?;y» n 1P, o1, by up to an order of magnitude above
their standard-model predictions. THiSscenario is therefore potentially testable in upcoming
experiments at LHCDb.
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The latest data on variolss— sy~ transitions have revealed intriguing deviations [1] from
the expectations of the standard model (SM). These ananaléy be harbingers of physics be-
yond the SM, although their statistical significance i stdufficient for drawing a firm conclusion.
Model-independent theoretical analyses have in fact ediout that new physics (NP) could ex-
plain them [2]. This would suggest that they might be empllycconfirmed in the near future to
have originated from beyond the SM. Thus, it seems timelydoze what if the same NP could
have appreciable effects on some othes s processes.

Here we present the results of our recent study [3] enténgisuch a possibility in a sce-
nario where a nonstandard electrically neutral and unedl@pin-one particle, th&’ boson, is
responsible for thé — syt~ anomalies. Specifically, we investigate the potential iogtions
for the nonleptonic decayBs — (n,n’, @) (1, p%), which are purely isospin-violating and most
of which are not yet observed [4]. In the SM, their amplitugesceed fromb — s four-quark
operatorsOf , and O7gg 10 derived from charmless tree and electroweak-penguin aagy re-
spectively. In contrast, QCD-penguin operatdBg,s 56, Which conserve isospin, do not affect
these processes. Since the impac@@g on them is suppressed by a facfdisVip|/[VisVib| ~ 0.02
involving Cabibbo-Kobayashi-Maskawa (CKM) matrix elertgrtheir amplitudes tend to be dom-
inated by the electroweak-penguin contributions [5]. Goueently, their rates in the SM are esti-
mated to be comparatively small [5, 6, 7, 8, 9, 10], which waigd earlier works suggesting that
one or more of these decays might be sensitive to NP signi]s [1

In many models beyond the SM, new ingredients may modify tliedW coefficientsC; of
O, and/or give rise to extra operato@, which are the chirality-flipped counterparts ®f (The
expressions foD; 5 ... 10 can be found ine.g, [10].) A flavor-violatingZ’ boson may contribute at
tree level to part or all of the penguin sector, dependingherdetails oZ’ properties.

In our Z’ scenario of interest, the pertinent nonstandard intenastare described by [3]

Ly D —[sY(BFPP +DPPR)bZ, + He] — AF Ty uz,

— [Oy* (AP + AR'PR) U+ d v (ATP_ + ARIP)d] Z; (1)
where the constants$; are generally complex, whils," andAEf‘F’fd are real due to the Hermiticity
of £z, andP_r = (1:F ¥5)/2. We assume that any other possiBleouplings to SM fermions are
negligible and that th&’ does not mix with SM gauge bosons but is not necessarily asgaospn.
Also, for simplicity we focus on the case in whidi% = PLRVts Yy With real py g

TheseZ’ parameters are subject to a number of restrictions. Oindlh@'productsaf?RA\‘}“
must have values consistent with the obsetved su™ p~ anomalies. SincAf‘f‘R influenceBs-Bs
mixing at tree level, restraints implied by its data are tshtisfied as well. Interestingly, together
these two conditions translate into the requiremenff8} 1048 and sqo, ~ 10pg. Also germane
is the fact thaBs — @p° has been seen with a branching fractiorid¥ +0.8) x 10~ [4], which is
compatible with its SM estimates albeit with sizable er6érs7, 8] and hence leads to limitations
on some of the&Z’ couplings. In addition, they have to respect the boundsriedefrom collider
measurements.

In numerical work, for definiteness we takg = 0.1p, and theZ’ mass to ben,, = 1 TeV.
Adopting the framework of soft-collinear effective thed&CET) [8, 9, 10], we then compute the
SM andZ’ contributions to each decay mode. Combining them, we weselting amplitudes?,
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in units of 10°° GeV, as [3]

g nmo ~ 1.67+0.471+1.1(3.96—0.08) (3. — dr)P, ,
A o = 0.48—2.48 — 1.1(1.90— 0.04i) (& — dr)py,

A oo ~ —2.88—1.69 —0.9(7.85—0.15) (3. — )P ,

e oo ~ 256+ 0.771 +1.1(6.32— 0.12) (8. + dr)py,

Ay rpo ~ 0.78—4.121 — 1.1(3.03— 0.061) (3. + IR)Py .

A ppo = —6.53—1.471 —0.9(15.3—0.3) (8L + r)PL , 2)

whered_ g = A% — A%

In the absence of th#’ portions, (2) leads to the SM predictions for the branchirgtfons
collected in the last column of Table 1. The two errors in ezfiche SCET entries are due to flavor-
SU(3)-breaking effects which we assume to be 20% and duectriainties in the SCET parameter
fits to data done in [8, 9]. For comparison, in the second aird ttolumns we quote numbers
calculated with QCD factorization (QCDF) [6] and pertuibatQCD (PQCD) [7] approaches.
Evidently, these different methods produce results coaigarto each other, in light of the errors
in the predictions. The important implication is that NP \ebuot be easily noticeable in the
decay rates unless it could enhance them by much more thatoa ¢ 2. This possibility may be
unlikely to be realized iBs — @p°, which has an experimental rate in line with SM expectations
Nevertheless, substantial enhancement can still occuamire ©f the other channels.

Including theZ’ terms in the amplitudes and imposing 2anges of the various empirical
constraints, we scan the allowed parameter space to exparenuch the decay rates can increase
with respect to their SM values. We find that the enhancenaetbifs forB_g —n'm,(n,n")p° can
be at most only a few, partly because of Be— @p° requisite. On the other hand, tE&impact
on B_g — (n,@)m° can cause their rates to grow considerably, by up to an ofdeagnitude above
their SM expectations, as illustrated in Fig. 1.

In conclusion, we have entertained the possibility thatahemalies manifest in the latest
data onb — sy~ processes arise from physics beyond the SM and that the sadeglying
NP also affects the rare nonleptonic decays of Bgeneson, most of which are not yet seen.
Since the rates of these modes in the SM are comparativelydow or more of them may be
sensitive to NP signals. Adopting a scenario in which the $l@uie to the interactions of a heavy
Z' boson, we have investigated the implications BT@H (n,n’, @) (P, p®). Taking into account

Decay mode QCDF PQCD SCET
Bs —nm® || 0.057533+002 | 0 050.02+001+0.00 | 0,025+ 0.010+0.003
Bs—»n'm® | 004795001 | 0.11+005+0.02+0.00 | 0 052+ 0.021+0.015
Bs — @r® || 0121292008 1 0.162987502+0 | 0.091+0.036+0.016
Bs —np® || 01075321002 | 0,06593+201+0.00 | 0,059+ 0.023+0.006
Bs—n'p® | 0.167995:593 | 0.1373:06+0.02¢0.00 | 0,141+ 0.056+0.042
Bs— @p° | 0.187391009 | 0.2315.39+008+0.00 1 0.36+0.1440.04

Table 1: Branching fractions, in units of 16, of Bs — (n,n’,9)(1°, p°) decays in the SM.
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Figure 1: Calculated branching fractions Bf — (n,n’,@)n° (red, blue, and black curves, respectively),
normalized by their corresponding SM SCET central valustediin Table 1, versus th# coupling product
P (& — &r) in the case wherpgy = 0.1p, andm,, = 1 TeV.

the pertinent restrictions, we have shown thatZheffects could amplify the rates of two of these
modes,B_g — (n,@)m°, by as much as an order of magnitude relative to their SM ptiedis.
These decays are therefore potentially very consequesttialld future experiments establish that
theb — su™u~ anomalies are really evidence of NP. For good measure, ibishwoting that
two other rare nonleptoniBs transitions, nameI)B_(s’ — (N, 9)w, may be similarly significant, as
discussed in [12].
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