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Frontiers in high energy physics
CMS&ATLAS:
Higgs;
Supersymmetric Particles;
New interactions;
…

LCHb&BelleII&BESIII:
New hadronic States;
Heavy flavor physics
(B physics);
…

Indirect detection of NP 

via the test of the lepton 

universality (LU) is one of

the hot topics.

US Particle Physics Scientific Opportunities: A Strategic Plan for the Next 10 Years 



Lepton universality in the SM/EW

The interactions between leptons and gauge bosons are 
the same for all leptons.

From PDG averages,

SM predictions :    ~1

LU in SM is thoroughly tested. However, some LUV signals (RD , RD* , RK* , RK, 

etc.) in B semi-leptonic decays have attracted  lots of attentions.



LUV signal in the b → c l ν decay

τ≠l type



LUV signal in the b → c l ν decay

l Tension with SM（0.248） ~2σ,
but the significance  of RJ/ψ is
less than 4σ.

These new data call for a reassessment of the significance of the tension of the
signal with the SM and of the possible NP scenarios aiming at explaining it.

Arxiv: 1904.08794

p Belle 2019 measurements compatible with SM  within 1.2σ.
p HFLAV 2019 results closer to SM predictions.

PRL120(2018)121801



LUV signal in the b → s l l decay

Belle: PRL103(2009)171801         LHCb: JHEP08(2017)055
BaBar: PRD86(2012)032012         LHCb: PRL122(2019)191801
LHCb: PRL113(2014)151601         Belle: ArXiv:1904.02440 (2019)

Testing LUV in b → s l l decays, i.e., RK and RK* :

Very clean !

p Due to large experimental uncertainties from Belle 2009 and BaBar 2012 measurements , 
there is no significant deviation from the SM prediction.

p Adding 2015 and 2016 data, the 2019 LHCb RK becomes ~2.5σ from SM.
p For RK* , the Belle 2019 result becomes closer to SM.



Our purpose

① Using low energy effective field theories to

calculate relevant observables

② Performing χ2 fits and constraining the NP

couplings. Then, using frequentist statistics to

assess the significance

③ Testing NP models, identifying or constructing

observables which are sensitive to new physics
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We are entering the era of EFTs

U. van Kolck @ Beihang, 2019.03.28-04.04

Phenomenological 
Lagrangians
Steven Weinberg,
Physica A96 (1979) 327-340

http://inspirehep.net/record/133288
http://inspirehep.net/author/profile/Weinberg%252C%20Steven%3Frecid=133288&ln=en


LEFTs: bottom-up approach to new physics 

Courtesy of H. L. Wang, Chiral2019



EFTs sacrifices predictability for the

sake of systematicity



p Wilson coefficients in red stand for NP contributions.

CC：b→ c l ν

+ matching up to O(mb)

J. Martin Camalich et al, PRD 94 (2016)  094021

LEFTs: bottom-up approach to new physics 



LEFTs: bottom-up approach to new physics 

FCNC：b → s l l 

matching up to O(mb)

e.g.

p Different values of Wilson coefficients
p Wilson coefficients can be complex and introduce new sources of CP violation.

J. Martin Camalich et al, JHEP05(2013)043

+



SM operators and Feynman diagrams for b → s l l decays

Charm contributions:

Flavor Changing Neutral Currents(FCNC):

p Wilson coefficient Ci(μ) are calculated in perturbative theory at μ=mW and rescaled to μ=mb.
p OS , Op and OT cannot explain RK and RK* J. Martin Camalich et al, PRL.113.241802.



PRL112(2014)212003

Nonperturbative inputs
p For the b → c l ν decay: 

Form factors 𝑭 𝒒𝟐 :  

HQEFT

p For the b → s l l decay (only low bins are considered):

l Form factors : 

B → D(*) τ ν:  HQET & fitting to B factories data & LQCD

B → J/ψ τ ν: covariant LFQM

HQEFT

Soft form factors (LCSR & Dyson-Schwinger) 

Power corrections (LCSR)

Charm loops ~ 𝒎𝑩
𝟐

𝒒𝟐 𝒉𝝀 𝒒
𝟐 : 

QCDF          LCSR

l In the low bin (q2≤6 GeV2): 

l In the high bin (q2≥ 15 GeV2): 

Form factors 𝑭 𝒒𝟐 :  Lattice QCD  Charm loops contributions 
can be neglected !!!



Statistics：χ2 fit & Frequentist analysis 

p χ2 fit

p Frequentist analysis 
l P-value: it is a statement how well the SM or BSM describes  the data

l PullSM: the significance of deviation from SM

The larger the p-valueNP , the higher the significance of deviation from SM (the 
larger the PullSM) but the smaller p-valueSM  tells us that the SM hypothesis under 
consideration may not be adequate to explain the data. 

27 hadronic parameters (b→sll)~y
<latexit sha1_base64="ATPD+Ay+djJ4hcSiPQv9dWgnuD4=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmAckS5iddJIhs7PLzGxgWfIRXjwo4tXv8ebfOEn2oIkFDUVVN91dQSy4Nq777RTW1jc2t4rbpZ3dvf2D8uFRU0eJYthgkYhUO6AaBZfYMNwIbMcKaRgIbAXj+5nfmqDSPJJPJo3RD+lQ8gFn1Fip1Z0gy9Jpr1xxq+4cZJV4OalAjnqv/NXtRywJURomqNYdz42Nn1FlOBM4LXUTjTFlYzrEjqWShqj9bH7ulJxZpU8GkbIlDZmrvycyGmqdhoHtDKkZ6WVvJv7ndRIzuPUzLuPEoGSLRYNEEBOR2e+kzxUyI1JLKFPc3krYiCrKjE2oZEPwll9eJc2LqndZvX68qtTu8jiKcAKncA4e3EANHqAODWAwhmd4hTcndl6cd+dj0Vpw8plj+APn8we1rI/S</latexit>

20 hadronic parameters (b→ clν)
Wilson coefficients
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Interesting observables for  b→c l ν decays

τ polarization asymmetry PτD* and the longitudinal polarization of 
D (FL

D*) in the B->D* τ ν decay:

The most reliable



Right-handed vector operator cannot explain LUV

NP particles do not directly couple to two leptons in the two-Higgs
model. Therefore, the right-handed vector operator cannot contribute to
and explain lepton universality violation.



Fits to RD and RD* only

Faded lines :

Br(Bc→ τ ν)>30%

Solid lines:

2019 HFLAV

Dashed lines:

2018 HFLAV

p Dotted lines show that the significance of deviating from SM is more than 3σ.

p The (left)vector and tensor operators give a better fit to the data (than the other two).

p The χ2 difference shows that the 2018 HFLAV data are in conflict with the 2019 HFLAV data.

right-handed neutrino



Fits to RD and RD* only: 6 2D plots

p 2019 closer to SM：solid ellipses (empty red ellipses) represent 1σ and

2σ allowed regions from the fits to RD and RD* data (2018 HFLAV average)

p Pure scalar operators are constrained
strictly by the Br(Bc→ τ ν)—(2,2).

p LHC data exclude large region of the
parameter space—(3,123)

Br(Bc->τ ν)> 30%
Br(Bc->τ ν)> 10%

The impact of the 2019 data

l Empty black solid (dashed) ellipses indicate the 2σ

upper bounds from the LHC data (HL-LHC projections)

on pp → τhX+MET-- PRL.122.131803

l Note that 30% and 10% are from the constraints of Bc

lifetime and LEP1 data, respectively--PRD 96, 075011;

PRL. 118, 081802

Constraints from other data



Fits to RD and RD* only

p-value in SM : 1.38×10-2

p The significance of deviation from SM is more than 3σ.



Testing 3 NＰmodels

For example, assuming NP couplings are O(1) order:

In conflict with Br(Bc→ τ ν) data

In conflict with LHC data
(PLB.2016.11.011)

Right-handed neutrinos not
considered in this work

In conflict with Br(Bc→ τ ν) data

The leptoquark models
in the red box are favored
by current data. Note

that these models cannot
induce a right-handed
neutrino operator at low
energy.



Fits to all the 2019 HFLAV data

Br(Bc->τ ν)> 30%

Br(Bc->τ ν)> 10%
p Compared with 2D plots fitting to

RD and RD* only, the extra data
exclude the parameter space in
complementarity with the LHC
bounds.



Fits to all the 2019 HFLAV data

l The significance of deviation from SM is more than 3σ.

p-value in SM : 9.02×10-3



Possibility of discriminating different NP structure

A measurement of the tau
polarization in the decay mode B→D
τ ν would effectively discriminate
different NP scenarios.

Only fitted to RD/RD*



Possibility of discriminating different NP structure

Indeed, Pτ
D is an excellent observable which can be measured in Belle II 

and upgraded LHCb.

No corresponding NP
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Predictions in the SM and  in selected NP scenarios

p Kinematics range for B→K* l l decay is q2 ∈[4ml
2,(mB-mK*)2] GeV2.

p Only the operators O9, O10 can explain the experimental data.

p The blank kinematic range for B→K* l l decay represents charmonium region which is

dominated by long-distance (hadronic) effects.

The relation connected to the new models, such as leptoquark models.

LHCb: PRL113(2014)151601 

LHCb: JHEP08(2017)055



RK bin[1,6] GeV2

RK*  bin[0.045,1.1] GeV2

bin[1.1,6] GeV2

p Both δC9 and δC10 have no boundary.

Fits to RK and RK* before the 2019 data

LHCb: PRL113(2014)151601 
LHCb: JHEP08(2017)055



RK bin[1,6] GeV2

RK*  bin[0.045,1.1] GeV2

bin[1.1,6] GeV2

R(Bs → μ+ μ- )

BR(B → K*γ)

All angular observables from LHCb, LTLAS,CMS, 
Belle:  FL, P1, P2, P3, P4’, P5’, P6’, P8’.

p The significance of the SM exclusion in the fits is about 4σ.
p δC9 is negative. However, the value of δC10 is poorly  determined by the global fit.

Fits to all the data before 2019 



PRD93(1):014028,2016, JHEP, 05:043, 2013

27 hadronic parameters in low q2

Fits to RK , RK* and R(Bs → μ+ μ- )

Fits to all the data

Robustness of fits with respect to hadronic uncertainties

The results fitting to RK , RK* and R(Bs → μ+ μ- ) are available but  only three observable 
cannot constrain δC9.

Plot of the p-values as a function of x. The
variable x is a factor by which we multiply
all the uncertainty ranges of the 27
hadronic parameters.



Constructing an observable only sensitive to C10

δC9=0 

δC9= -δC10

δC9= -1 

R6’, R6

Bin [0.045,1.1] GeV2

l These constructed observables are almost exclusively sensitive to C10 .
l Experimentally, these observables can be measured by LHCb and Belle.

large in the very low bin.



Updating the global fit of b→s l l decay including 2019 data

Considering the new data in 2019

The predictions in SM:

1σ

3σ

PullSM=4.17σ

PullSM=3.8σ
For a global fit including new data, the significance
of deviation from SM is still more than 3σ.

μ≠e type
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Summary
① Significance of the SM exclusion in our fits is more than 3σ.

② In addition to the known Bc → τ ν constraint, it is shown that the LHC

monotau constraint excludes large regions of the parameter

space.mFurthermore, it is shown that FL
D* excludes the parameter space

complementary with the LHC bounds.

③ We tested some new physics models using our parameter space.

④ We also found that the τ polarization in the B → Dτν decay is sensitive

to the various new-physics scenarios which are favored by the current

data.

b → c l ν



Summary b → s l l

① Only the operators O9, O10 can explain the experimental data.

② δC10 is poorly determined by global fit but we also discuss some

observables which are almost only sensitive to C10. And it is feasible

to measure these observations in future.

③ For a updated global fit including the 2019 data, the significance of

the SM exclusion is still more than 3σ.



p In the next few years, with the collection of more data at
the B factories and improvement of experimental
precision, we will continually update our analysis.

p In addition, new theoretical works on the theoretical side
will be needed, to better access uncertainties.

p Meantime, it is also important to continue to find or
construct new observables which are more sensitive to
new physics.

p Moving to baryon/hyperon decays

Outlook
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4D global fit for b → c l ν decay

p-value = 0.12 
PullSM = 2.64



p-value = 0.12 
PullSM = 2.64


