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RD(∗) Anomaly

RD =
B(B→ Dτν)

B(B→ D`ν)
, RD∗ =

B(B→ D∗τν)

B(B→ D∗`ν)
(where ` = e, µ).
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• Babar, Belle and LHCB results point to a ~4σ 
discrepancy between SM predictions and 
experimental results
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Outline

A model-independent way to test the anomaly using ATLAS and CMS

A possible correlation of the anomaly with the Higgs naturalness

R-parity violating Supersymmetry with light 3rd generation



Model-independent Collider Analysis
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Interest of B ⟶ D(*) τ ν measurements 
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Search NP in B → D(*)τ +ντ

7

• In the Standard Model (SM), the only difference between                        and                         
is the mass of the lepton


• The ratio of them is sensitive to additional amplitudes, i.e. involving an intermediate 
charged Higgs boson.


• NP: type-II-2HDM (charged Higgs boson appears), Leptoquarks(LQ) model…

• NP could affect this decay topology in two ways:


• Branching fraction

•   polarizationτ

B → D(*)τ +ντ B → D(*)µ+νµ

• W coupling to leptons is universal in the SM 

• A charged Higgs would couple more strongly to the τ 
lepton and produce an enhancement in BR of B decays 
that involve a τ lepton  

• Ratios R(D(*)) eliminate many sources of systematic errors 
for experimental measurements and theoretical 
predictions

R(D(∗)) =
B(B → D(∗)τ ν̄τ )

B(B → D(∗)ℓν̄ℓ)
ℓ = (e, µ)

signal mode

normalization mode

τ⁺ 

5

In a nut-shell, the anomalous behavior is in the basic process: b→ cτν.

This necessarily implies by crossing symmetry an analogous anomaly
in g + c→ bτν.

Leads to a model-independent collider probe: pp→ bτν.
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Effective Operators

The effective 4-fermion Lagrangian for b→ cτν in the SM is given by

−Leff =
4GFVcb√

2
(c̄γµPLb) (τ̄ γµPLντ ) + H.c.

Same Lagrangian gives rise to pp→ bτν, but the rate is
CKM-suppressed.

Need not be the case in a generic NP scenario, which might be
observable above the SM background at the LHC.

Various dimension-6 four-fermion operators possible: [Freytsis, Ligeti, Ruderman

(PRD ’15)]

OVR,L = (c̄γµPR,Lb) (τ̄ γµPLν)

OSR,L = (c̄PR,Lb) (τ̄PLν) .

OT = (c̄σµνPLb)(τ̄σµνPLν) .
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SM Backgrounds

The direct pp→ bτν is suppressed by |Vcb|2.
In a realistic hadron collider environment, however, there are other
potentially dangerous backgrounds.

pp → jW → jτν (j misidentified as b)
pp → W → τν, with an ISR gluon → bb̄ and one b is lost
pp → tj → bτνj and pp → tW → bτνjj, where the jet(s) are lost
pp → bb̄j, where one b is misidentified as a τ and the light jet is lost (i.e.
misidentified as MET).

The mis-ID rates at the LHC typically are at the level of ∼ 1%.

With basic trigger cuts pj,b,`
T > 20 GeV, /ET > 20 GeV, |ηj,b,`| < 2.5 and

∆R`j,`b,jb > 0.4, we find the dominant contribution comes from pp→ Wj
and pp→ bb̄j.

σSM(pp→ bτν → b`+ /ET) ∼ 50 pb at
√

s = 13 TeV LHC.
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Signal Rate

We consider the dimension-6 NP operators OVR,L and OSR,L .

For a typical choice gNP/Λ
2 = (1 TeV)−2, the signal cross section for

pp→ bτν → b`+ /ET of σV ' 1.1 pb (vector case) and σS ' 1.8 pb (scalar
case), both at

√
s = 13 TeV LHC.

Can directly probe mediator masses up to around 2.4 (2.6) TeV at 3σ CL
in the vector (scalar) operator case with O(1) couplings at

√
s = 13 TeV

LHC with L = 300 fb−1.

The signal-to-background ratio can be significantly improved by using
specialized selection cuts, e.g. pb

T > 100 GeV, Mb` > 100 GeV and /ET>
100 GeV.
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Kinematic Distributions
3
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FIG. 1. Normalized kinematic distributions for the pp ! b⌧⌫ ! b` + /ET signal and background.

with ` = e, µ)2, where the dominant contributions come
from the pp ! Wj and pp ! bb̄j channels.

As for the NP contribution, we consider the following
dimension-6 four-fermion operators [33]:

OVR,L
= (c̄�µPR,Lb) (⌧̄ �µPL⌫) (5)

OSR,L
= (c̄PR,Lb) (⌧̄PL⌫) . (6)

The amplitudes for the collider process gc ! b⌧⌫ are
suppressed by gNP/⇤2, where gNP denotes the e↵ective
NP coupling in the contact interaction and ⇤ is the NP
scale. For a typical choice gNP/⇤2 = (1 TeV)�2, we ob-
tain a signal cross section for pp ! b⌧⌫ ! b` + /ET of
�V ' 1.1 pb for the vector case and �S ' 1.8 pb for the
scalar case, both at

p
s = 13 TeV LHC. These cross sec-

tion estimates imply that even without using any special-
ized selection cuts to optimize the signal-to-background
ratio, the NP signals associated with the RD(⇤) anomaly

2 We thank Brian Shuve for pointing out an earlier error in our
cross section estimate, which was caused due to the default value
of zero ⌧ -width in MadGraph5.

may be directly probed at 3� confidence level for me-
diator masses up to around 2.4 (2.6) TeV in the vector
(scalar) operator case with O(1) couplings at

p
s = 13

TeV LHC with an integrated luminosity of 300 fb�1.

The signal-to-background ratio can be improved in var-
ious ways. For instance, simple kinematic distributions,
such as the transverse momentum of the outgoing b-quark
(or of the final lepton) and the invariant mass of the b
quark and lepton system (see Fig. 1), can be used to dis-
tinguish the NP signals from each other and from the SM
background for di↵erent NP operators. Furthermore, im-
posing stringent cuts like pb

T > 100 GeV and Mb` > 100
GeV could drastically reduce the SM background, with-
out significantly a↵ecting the signal (see Fig. 1), espe-
cially in the vector case, potentially enhancing the LHC
sensitivity to even higher mediator masses. Similarly, in-
creasing the /ET cut to 100 GeV will significantly reduce
the SM background, including the mis-measured dijets,
without much signal loss, as can be seen from Fig. 1. For
illustration, we show in Tab. I the individual cut e�cien-
cies of the signal and background for three representa-
tive values of the kinematic cuts for the four kinematic
observables considered in Fig. 1 (taken one at a time).



Cut Efficiency

Cut Efficiency
Observable value SM Signal Signal

(GeV) background (Vector case) (Scalar case)
100 0.01 0.52 0.56

p`T 50 0.10 0.78 0.82
30 0.44 0.92 0.94
100 0.13 0.99 0.33

pb
T 50 0.47 1.00 0.62

30 0.75 1.00 0.84
100 0.18 0.96 0.76

Mb` 50 0.63 0.99 0.94
30 0.88 1.00 0.98
100 0.01 0.54 0.70

/ET 50 0.09 0.70 0.86
30 0.29 0.79 0.92



Possible Hint for Natural SUSY with RPV

Anomaly involved 3rd generation of the SM.
Speculation: May be related to Higgs naturalness?
An obvious UV-complete candidate: Natural SUSY with light 3rd
generation. [Brust, Katz, Lawrence, Sundrum (JHEP ’12); Papucci, Ruderman, Weiler (JHEP ’12)]

Coupling unification still preserved, even with RPV.
4

Cut E�ciency
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TABLE I. Signal and background cut e�ciencies for the kine-
matic variables shown in Fig. 1.

A detailed cut optimization study with all these (and
possibly more) variables taken together could be done,
e.g. using a multivariate analysis or a Boosted Decision
Tree algorithm, which is probably best dealt with by ex-
perimentalists possessing the relevant expertise.

The new collider signal pp ! b⌧⌫ proposed here would
be a powerful model-independent check of the RD(⇤)

anomaly3 and would imply a directly accessible mass
range of the associated NP at the LHC. Further distinc-
tions between the NP operators (5)-(6) could in principle
be made using the tau polarization measurements, both
in the LHC experiments [75] and in B-physics experi-
ments [12, 35, 38, 76, 77]. But a detailed discussion of
this, including a more realistic collider simulation with
all detector smearing e↵ects, is beyond the scope of this
paper and might be studied elsewhere.

MINIMAL SUSY WITH RPV

As Higgs naturalness involves the third family
fermions, we propose an economical setting, where only
the third family is e↵ectively supersymmetrized, with the
corresponding sfermions and all gauginos and Higgsinos
close to the TeV scale. The correction to the Higgs mass
from the top-quark loop is canceled by the light stop

3 Here we are assuming that the NP a↵ects the modes involv-
ing taus. To be clear, a completely model independent crossing
symmetry test of RD(⇤) requires comparison of the (di↵erential)
cross-section of pp ! b⌧⌫⌧ to that of pp ! b`⌫` with ` = µ, e via
analogous ratios. In this case, for the relevant high energies, the
lepton masses – including the ⌧ – are negligible so the e↵ective
ratios should be unity in the SM.
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FIG. 2. RG evolution of the gauge couplings in the SM,
MSSM and in our natural RPV SUSY scenario.

contribution. The first two generation sfermions can be
thought of being decoupled from the low-energy spectrum
as in [78, 79], and RPV arises naturally in this setup [78].

Despite the minimality of this setup, one of the key fea-
tures of SUSY, namely, gauge coupling unification is still
preserved, as shown in Fig. 2. Here we show the renor-
malization group (RG) evolution of the inverse of the
gauge coupling strengths ↵�1

i = 4⇡/g2
i (with i = 1, 2, 3

for the SU(3)c, SU(2)L and U(1)Y gauge groups, where
the hypercharge gauge coupling is in SU(5) normaliza-
tion) in the SM (dotted) and the full MSSM with all
SUSY partners at the TeV scale (dashed), and the RPV
SUSY scenario with only third generation fermions su-
persymmetrized at the TeV scale (solid).4 Coupling uni-
fication occurs regardless of whether only one, two, or
all fermion families are supersymmetrized at low scale,
which only shifts the unified coupling value, but not the
unification scale. This is valid, even in presence of RPV,
as long as the gaugino and Higgsino sectors are not much
heavier than the third family sfermions.

In SUSY models, the Higgs mass parameter is re-
lated to the various sparticle masses. Requiring the ab-
sence of fine-tuned cancellations generically leads to up-
per bounds on sparticle masses. The Higgsino should not
be heavier than a few hundred GeV, the stop mass should
be well below a TeV and the gluino mass should not be far
above a TeV [79, 82]. Bounds on other sparticle masses
are considerably weaker. Nevertheless, also first and sec-

4 The RG evolution in the SM and the MSSM is performed at the
2-loop level. In the RPV SUSY scenario we solve the RG equa-
tions consistently at 1-loop using the results from [80]. At higher
loop level, the decoupled first and second generation squarks
would require a refined analysis [81], which is beyond the scope
of our work, but our qualitative conclusions concerning gauge
coupling unification are una↵ected. The impact of the RPV in-
teractions on the running gauge couplings is small as long as the
RPV couplings do not develop a Landau pole.



Explaining the RD(∗) Anomaly

Consider a minimal RPV SUSY setup with the λ′-couplings.

L = λ′ijk
[
ν̃iLd̄kRdjL + d̃jLd̄kRνiL + d̃∗kRν̄

c
iLdjL

−ẽiLd̄kRujL − ũjLd̄kReiL − d̃∗kRēc
iLujL

]
+ H.c.

Leads to the effective 4-fermion interactions: [Deshpande, He (EPJC ’17)]

Leff ⊃
λ′ijkλ

′∗
mnk

2m2
d̃kR

[
ν̄mLγ

µνiLd̄nLγµdjL

+ ēmLγ
µeiL (ūLVCKM)n γµ

(
V†CKMuL

)
j

− νmLγ
µeiLd̄nLγµ

(
V†CKMuL

)
j

+ h.c.
]

−
λ′ijkλ

′∗
mjn

2m2
ũjL

ēmLγ
µeiLd̄kRγµdnR ,

Contributes to RD(∗) at tree-level: b→ b̃ν → cτν.
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FIG. 3. RPV parameter space satisfying the RD(⇤) anomaly and other relevant constraints.

The 2� constraint from B(B ! ⌧⌫) is shown in Fig. 3
in red. As one expects, B ! ⌧⌫ strongly constrains the
coupling �0

313. The decay modes B ! ⇡⌧⌫ and B ! ⇢⌧⌫
probe the same quark level transition as B ! ⌧⌫, but
we find that they give weaker constraints throughout the
interesting parameter space.

Additional important constraints arise from the rare
FCNC decays B ! K⌫⌫ and B ! ⇡⌫⌫. In the SM, the

branching ratios are strongly suppressed [88, 89]

B(B+ ! K+⌫⌫)SM = (3.98 ± 0.43 ± 0.19) ⇥ 10�6 ,(16)

B(B+ ! ⇡+⌫⌫)SM = (1.46 ± 0.14) ⇥ 10�7 . (17)

Currently only upper bounds on these branching ratios
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FIG. 4. The SM predictions (red), experimental world aver-
age (green), and accessible values in our RPV-SUSY scenario
(blue) in the RD vs. RD⇤ plane. For the SM, bearing in
mind recent works [17, 20, 22] we are taking (RSM

D , RSM
D⇤ ) =

(0.299 ± 0.011, 0.260 ± 0.010).

and e�ciencies remain SM-like. The red region shows
the SM predictions at 1 and 2�, RSM

D = 0.299 ± 0.011
[cf. (3)] and RSM

D⇤ = 0.260 ± 0.010 with zero error corre-
lation. For RSM

D⇤ we take the central value to be the av-
erage of [17] and [22] but the error to be the full spread
between [22] and a previous determination [18]. In green
we show the experimental world average from [16] at 1, 2,
and 3�. The blue region spans RD = (0.254, 0.371) and
RD⇤ = (0.220, 0.320) and shows values that can be ob-
tained in our setup consistent with all above-mentioned
constraints. To obtain this region we scan the sbottom
mass between the lower experimental bound of mb̃ >
680 GeV up to mb̃ < 1 TeV. The RPV couplings are
varied in the ranges 0 < �0

333 < 2, �0.1 < �0
323 < 0.1,

and �0.3 < �0
313 < 0.3. We impose all the constraints

discussed above. The blue points correspond to RPV
couplings that remain perturbative up to the GUT scale.
Relaxing this requirement and allowing the �0

333 coupling
to develop a Landau pole before the GUT scale does not
lead to larger e↵ects in RD(⇤) , given the constraints from
Z couplings.

DISCUSSION

The same RPV couplings that generate the desired ef-
fects in RD(⇤) also generate a neutrino mass through the
bottom-sbottom loop [97]:

�M�0
⌫,ij ' 3

8⇡2

m2
b(Ab � µ tan�)

m2
b̃

�0
i33�

0
j33 . (26)

For mb̃ ⇠ 1 TeV and �0
333 ⇠ O(1), we get m⌫ ⇠ 0.1

MeV. This contribution could be avoided if the trilin-
ear coupling Ab and the term µ tan� in (26) cancel each
other precisely. Another option to get sub-eV scale neu-
trino masses is to invoke cancellations between the �0

induced contributions and other unrelated contributions
to neutrino masses. These additional contributions could

either arise at the tree level or the loop level. Tree level
contributions can originate e.g. from a standard see-saw
mechanism with heavy right-handed neutrinos, or from
neutralino-neutrino mixing due to bilinear RPV terms.
At the loop level additional �ijkLiLjE

c
k terms in the

RPV Lagrangian could contribute to neutrino masses,
e.g.

M�
⌫,ij ' 1

8⇡2

m2
⌧ (A⌧ � µ tan�)

m2
⌧̃

�i33�j33 . (27)

The stau mass and the �k33 couplings can be cho-
sen such that �M�

⌫,ij = ��M�0
⌫,ij . Note that appro-

priately chosen �ijk couplings could also explain the
(g � 2)µ anomaly [98]. Also note that the RPV cou-
plings �00

ijkU c
i Dc

jD
c
k should be explicitly forbidden, e.g.

by imposing baryon triality [99], to avoid rapid proton
decay [100, 101].

We would also like to comment on the possibilities to
address another hint for LFUV in the rare B meson de-
cays based on the b ! s`+`� transition. The LHCb
collaboration measured the ratios

RK =
B(B ! Kµ+µ�)

B(B ! Ke+e�)
, RK⇤ =

B(B ! K⇤µ+µ�)

B(B ! K⇤e+e�)
.

(28)
and finds [102, 103]

R
[1,6]
K = 0.745+0.090

�0.074 ± 0.036 , (29)

R
[0.045,1.1]
K⇤ = 0.66+0.11

�0.07 ± 0.03 , (30)

R
[1.1,6]
K⇤ = 0.69+0.11

�0.07 ± 0.05 , (31)

where the superscript corresponds to the di-lepton in-

variant mass bin in GeV2. The SM predictions for R
[1,6]
K

and R
[1.1,6]
K⇤ are 1 with percent level accuracy [104]. The

SM prediction for the low di-lepton invariant mass bin

R
[0.045,1.1]
K⇤ is slightly below 1, mainly due to phase space

e↵ects.
Our RPV setup allows for two qualitatively di↵erent

contributions to b ! s`+`� decays: at tree level one
finds contributions from integrating out the left-handed
stop; at the 1-loop level also the right-handed sbottom
can contribute, in analogy to the scalar leptoquark con-
sidered in [44]. The tree level contribution is captured in
the e↵ective Lagrangian (8). It contains a right-handed
down-type quark current and therefore predicts that a
suppressed RK is correlated with an enhanced RK⇤ and
vice versa [105], in conflict with the findings by LHCb.
The 1-loop contribution has the correct chirality struc-
ture and can in principle suppress both RK and RK⇤ .
However, it has been pointed out in [54, 106] that the
loop contribution typically does not give appreciable ef-
fects in b ! s`` transitions once constraints from other
low energy data are taken into account.

A detailed study would be required to ascertain
whether or not the discussed RPV SUSY framework con-



Conclusion and Outlook

If the RD(∗) anomaly is true, we should find an anomaly in the high-energy
signal of pp→ bτν.

Provides a model-independent high-pT test of the RD(∗) anomaly at the
LHC.

Since it involves the 3rd generation, the origin of the anomaly might be
related to the Higgs naturalness problem.

A specific scenario that addresses this issue: Natural SUSY with RPV.

Common explanation of RD(∗) and RK(∗)?


