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1. Hints on NP in FCNC B-decays: Interpretations and implications

Flavour changing neutral current (FCNC) B meson decays are generated only at one-loop level
in the Standard Model (SM) and suffer from additional GIM and parametric CKM suppression.
Therefore, these processes are an excellent territory to search for new physics (NP) effects. Under
the assumption of heavy new physics, IR dynamics at the B mass scale is well described by the
effective Hamiltonian approach in which the effects of NP are captured by a finite numbers of
unknown coefficients. On the other hand, these can be efficiently extracted from the global fit to
plethora of low energy measurements. For a recent review on the subject see Ref. [1].

Recent measurements in rare semileptonic b→ s transitions provide strong hints for a new
physics contribution to bsµµ local interactions. This is supported by the several global fits recently
preformed in the literature (e.g. Refs. [2, 3, 4, 5]). In particular, a good fit to the differential
observable P′5 [6], together with the hints on LFU violation in RK and RK∗ [7, 8, 9], is obtained by
considering a new physics contribution to the Cbsµ ≡ CDµ

32 coefficient in

L eff ⊃
CUµ

i j

v2 (ūi
Lγµu j

L)(µ̄Lγ
µ

µL)+
CDµ

i j

v2 (d̄i
Lγµd j

L)(µ̄Lγ
µ

µL) . (1.1)

In terms of the SMEFT operators at the electroweak scale, this corresponds to a contribution to (at
least) one of the two operators (see e.g. Ref. [10])

L SMEFT ⊃
c(3)Qi jLkl

Λ2 (Q̄iγµσ
aQ j)(L̄kγ

µ
σaLl)+

c(1)Qi jLkl

Λ2 (Q̄iγµQ j)(L̄kγ
µLl) , (1.2)

where Qi = (V ∗jiu
j
L,d

i
L)

T and Li = (ν i
L, `

i
L)

T are the SM left-handed quark and lepton weak doublets,
respectively. Also, V is the CKM flavour mixing matrix and σa are the Pauli matrices acting on
SU(2)L space. Moreover, it is worth noticing that the triplet operator could at the same time solve
the anomalies in charged-currrent transitions RD(∗) (e.g. Refs. [11, 12, 13]). As discussed in the
next section, this observation is the starting point to pursue the combined explanation of the two
anomalies.

Matching at the tree level this operator to the standard effective weak Hamiltonian describ-
ing b→ s transitions, one finds ∆Cµ

9 = −∆Cµ

10 =
π

αVtbV ∗ts
Cbsµ where α is the electromagnetic fine

structure constant while |Vts| = (40.0± 2.7)× 10−3 and |Vtb| = 1.009± 0.031 are CKM matrix
elements. The recent combined fit of Ref. [2] reported the best fit value and 1σ preferred range
∆Cµ

9 = −∆Cµ

10 = −0.61± 0.12. Using this result, one can estimate the scale of the relevant new
physics by defining Cbsµ = g2

∗v
2/Λ2, obtaining Λ/g∗ ≈ 32+4

−3 TeV. Depending on the value of g∗
(encoding the UV origin of the operator), the scale of new physics Λ can be within or out of the
reach of direct searches at the LHC.

Let us speculate in more details about the origin of these effective interactions. The full set
of single mediator models with tree-level matching to the vector triplet (c(3)Qi jLkl

) or singlet (c(1)Qi jLkl
)

operators, consists of: color-singlet vectors B′µ ∼ (1,1,0) and W ′µ ∼ (1,3,0), color-triplet scalar
S3 ∼ (3̄,3,1/3), and vectors U µ

1 ∼ (3,1,2/3), U µ

3 ∼ (3,3,2/3), in the notation of Ref. [14]. The
quantum numbers in brackets indicate color, weak, and hypercharge representations, respectively.
It is important to notice the correlation in triplet versus singlet operators induced by a single medi-
ator model as illustrated in Figure 2 (right).
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Figure 1: Limits on the Z′ MFV model from pp→ µ+µ−. The plot is taken from Ref. [38].

Even if the mass scale of these mediators is beyond the kinematical reach of the LHC direct
production, a signal at high-pT might still be observed. In this context, impact of the contact
interactions (due to the heavy scale) on the tails of dilepton invariant mass distribution in p p→
`+`− has been studied in Ref. [38]. The limits obtained in this way are used to derive bounds on
class of models which aim to solve the b→ s`` anomalies.1

A color-singlet vector resonance Z′ gives rise to an s-channel resonant contribution to the
dilepton invariant mass distributions if MZ′ is kinematically accessible. On the contrary, the de-
viation in the tails is described by the dimension-six operators in Eq. (1.2) with Λ = MV , and
c(1)Qi jLkl

= −g(1),i j
Q g(1),kl

L . These are obtained after integrating out the heavy vector with interaction
L ⊃ Z′µJµ , where

Jµ = g(1),i j
Q (Q̄iγµQ j)+g(1),kl

L (L̄kγ
µLl) . (1.3)

A flavour-violating g(1),23
Q coupling and g(1),22

L are required to explain the flavour anomalies, while
the limits from pp→ µ+µ−, can easily be translated to the flavour-diagonal coupling and mass
combination. For example, assuming a Z′ with g(1),iiQ = g(1),iiL = g∗ and MFV structure (g(1),23

Q =

Vtsg∗), as dictated by neutral meson oscillation constraints, we derive limits on g∗ as a function of
the mass MZ′ , both fitting the data directly in the full model,2 and in the EFT approach. The results
are shown in Figure 1. The limits in the full model are shown with solid-blue while those in the
EFT are shown with dashed-blue. We see that for a mass MZ′ & 4−5 TeV the limits in the two ap-
proaches agree well, while for the lower masses the EFT still provides conservative bounds. On top
of this, we show with green lines the best fit and 2σ interval which reproduce the b→ sµµ flavour
anomalies, showing how LHC dimuon searches already exclude such a scenario independently of

1With a similar spirit, in Ref. [15] it was shown that the LHC measurements of pp→ τ+τ− already set stringent
constraints on models aimed at solving the charged-current b→ cτν̄τ anomalies.

2The Z′ decay width is determined by decays into the SM fermions u,d,s,c,b, t,µ,νµ via Eq. (1.3), i.e. ΓZ′/MZ′ =

5g2
∗/(6π).

3



P
o
S
(
E
P
S
-
H
E
P
2
0
1
7
)
2
1
8

Theory overview on FCNC B-decays Admir Greljo

|λsb
q |< 5 Vcb

|λsb
q |< 2 Vcb

SM

1.0 1.1 1.2 1.3 1.4 1.5
-1.0

-0.8

-0.6

-0.4

-0.2

0.0

RD(*) / RD(*)
SM

Δ
C
9μ
=
-
Δ
C
10μ

Δχ2 < 2.3

1σ

2σ

3σ

W'

B'
U1U1U3

S1S3

-0.06 -0.04 -0.02 0.00 0.02 0.04 0.06
-0.06

-0.04

-0.02

0.00

0.02

0.04

0.06

CT

C
S

Figure 2: Left: Prediction for ∆Cµ

9 =−∆Cµ

10 (related to b→ sµµ data) and R(D(∗)) for a randomly chosen
set of points within the 1σ preferred region of the EFT fit: the blue points are obtained setting |λ q

sb|< 5|Vcb|,
while the green points are obtained setting the tighter condition |λ q

sb| < 2|Vcb| in the fit. The red cross
summarizes the present measurements. Right: Preferred region from the global fit projected in (CT ,CS)

plane. The lines show the correlations among triplet and singlet operators in single-mediator models. Colour-
less vectors are shown in green, coloured scalar in blue, while coloured vectors in red. Electroweak singlet
mediators are shown with the solid lines while triplets with dashed. The plots are taken from Ref. [17].

the Z′ mass. The red solid line indicates the naive bound obtained when interpreting the limits on
the narrow-width resonance production σ(pp→ Z′)×B(Z′→ µ+µ−) from Fig. 6 of Ref. [16].

2. Combined explanation with R(D(∗)) anomaly (hints in CC B-decays)

There have been several attempts in the literature towards a combined explanation of b→ c`ν̄
and b→ s`` anomalies (see e.g. [17, 11, 12, 13, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29,
30, 31, 32, 33]). Since the implied scale of new physics is rather low [34], the main challenge
is to reconcile it with the non-observation of related signals in (other) flavour changing processes
(e.g. [35]), electroweak precision observables, τ decays [36, 37], and high-pT searches [15, 38].

A combined explanation of both charged- and neutral-current B-physics anomalies, consistent
with the absence of deviations from the SM so far observed in other observables, is possible and
does not require unnatural tunings. As discussed in Ref. [17], a coherent picture is emerging when
invoking: (i) leading NP effects in semi-leptonic operators built from the left-handed quark and
lepton doublets (see Eq. (1.2)) and (ii) dominant couplings to third generation SM fermions with
subleading terms for the light generations controlled by a minimally broken U(2)q×U(2)` flavour
symmetry.

As shown in Ref. [17], a global fit to all relevant low-energy observables (including radiatively
generated terms) leads to a good fit to all available data, without tuned cancellations and in terms
of a small number of free parameters (see Figure 2 left). The preferred EFT solution suggests:
(i) a sizeable heavy-light mixing in the quark sector (large λ

q
bs) that, despite being consistent with
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the minimal breaking of the flavour symmetry, helps to increase the effective scale of NP and
(ii) a flavour-mixing structure different from the assumption of complete alignment of NP along
a well-defined direction in flavour space. Two unambiguous low-energy signatures of this EFT
construction are: (i) a huge enhancement (of two orders of magnitude or more) of FCNC transitions
of the type b → sττ̄ , (ii) the quark-flavour universality of the LFU ratios in charged currents,
Rτ`

b→u = Rτ`
b→c, independently of initial- and final-state hadrons.

This EFT solution to the anomalies can be realised in terms of different simplified models (see
Figure 2 right). A remarkably simple explanation of all the low-energy data is obtained by supple-
menting the SM with a single field – vector leptoquark representation U µ

1 =(3,1,2/3). Importantly,
leptoquarks [14] induce semi-leptonic transitions at tree level, while pure 4-quark and 4-lepton
transitions arise only at one loop. However, the exceptional feature of this particular representation
is the absence of tree-level down-quark-to-neutrino, as well as up-quark-to-charged-lepton transi-
tions, naturally suppressing (a set of) otherwise strongly constrained observables. Other than being
minimal in both the number of mediators and of free parameters, this model automatically presents
some of the features suggested by the more general EFT fit, such as the relation CS = CT and the
absence of a flavour-blind contraction among light fermions. The model can easily escape present
and near-future LHC searches for ττ̄ [15] (and third generation leptoquarks) as a consequence of
the larger new physics scale implied by the low-energy fit, solving at the same time the two most
pressing problems pointed out recently in the literature [36, 15].

Simplified models with a pair of scalar leptoquarks in the singlet and triplet representations
of the SU(2)L gauge group emerge as a natural UV alternative to recover the same low-energy
EFT. We find that also this setup provides an overall good description of data, albeit with a larger
number of free parameters. The main advantage of this model is that the loop contribution to
∆F = 2 processes is calculable and small.

A possible UV completion for these simplified models can be realised in the context of com-
posite Higgs models based on vector-like confinement: the mediators of the flavour anomalies
could arise as composite states of a new strongly coupled sector confining at the TeV scale, of
which the Higgs doublet is one of the pseudo-Nambu-Goldstone bosons [31, 32, 33]. Another
avenue for the UV completion of the vector leptoquark model could be an extended gauge sector
models in which the leptoquark is a massive gauge boson [39].

3. Conclusions

Standard model might be cracking down in FCNC B-decays. A coherent picture is emerging
based on new dynamics involving left-handed currents and U(2) flavour symmetry pattern. Impor-
tantly, such picture has a clear predictions in other low- and high-energy observables which can be
tested in the near-future data and thus help to understand the intriguing anomalies in B-physics.

While waiting for more data, it is exciting (though premature) to speculate about the ”Who
ordered that?" question. Is this about the SM flavour puzzle? On the other hand, NP at the TeV
scale is probably related to the Higgs mass hierarchy problem. So what is the connection?
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