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✦ Clean observables
❖ lower statistics due to worse 

electron efficiency in LHCb

✦ Form factor uncertainties
✦ Theory discussion on the size 

of charm-loop effects



C9 and C10

B0 → K*µµ

b →sll anomalies: is this New Physics…?
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Part I: based on arxiv:1805.06378
✦ What are the prospects for an unbinned 

amplitude fit to B0 → K*µµ decays?
❖ analytical parametrization of the 

charm-loop [arxiv:1707.07305] 
✦ Can we access quantitatively the 

model dependency (systematic) 
associated to the charm-loop?

EVALUATING CHARM CONTRIBUTIONS IN B+->K+µµ	

14

Purpose: measure the phase difference between 
short- (FCNC) and long-distance amplitudes 
-  Sizeble effect of the long-distance contributions 

far from the resonances could explain the 
observed tensions

Method: analize the dimuon mass spectrum
-  long-distance modeled as sum of BW 
-  magnitudes, phases, C9, C10  floated
-  C7  fixed to SM
-  hadronic form factors f+ constrained
-  crucial control of the resolution function

B+->pi+mm
Bc+->J/psi K

Francesco Polci – CKM 2016	

NEW	
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Why rare b æs¸¸ decays?

NB: this talk covers b æ sµµ decays at LHCb, for b æ see decays (including
LFU results) see Albert Puig’s talk (up next!)

• b æ s¸¸ transitions are forbidden at tree level æ suppressed decays in
the SM maybe be more sensitive to new physics (NP) effects.

• Virtual new physics particles æ high mass reach.

1/24 Beauty 2018 (7-11 May 2018) Eluned Smith .
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the SM maybe be more sensitive to new physics (NP) effects.

• Virtual new physics particles æ high mass reach.
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New�Physics “Charm�loop"

or
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✦ Form factor uncertainties
✦ Theory controversy on the size 

of charm-loop effects

can affect both pollutes only C9
(vector structure)



B0 → K*µµ

b →sll anomalies: is this New Physics…?
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LFU test

Part II: based on arxiv:1805.06401 

✦ Simultaneous amplitude fit to B0 → K*µµ and B0 → K*ee decays?
❖ uncertainties on the charm-loop cancel out

✦ Great model independency

A. Mauri (Zurich University) - ICHEP 2018 

✦ Clean observables
❖ lower statistics due to worse 

electron efficiency in LHCb

✦ Form factor uncertainties
✦ Theory controversy on the size 

of charm-loop effects



B -> K*µµ ANGULAR ANALYSIS
Study the full angular distribution (θl, θK,φ) of the 4 final state particles.

Described by eight independent observables:












Observables (AFB, FL and Sj) are function of the Wilson coefficients.

A cleaner set of observables, where hadronic form factor uncertainties 
cancels at the leading order, can be defined (JHEP 1305(2013)137), ex:
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value that can be chosen for K will depend on the avail-
able set of experimental measurements and theory inputs.

III. EXPERIMENTAL CONSTRAINTS

According to the LSZ reduction formula [24], the am-
plitudes for the decays B ! K

⇤
 

n

(with  1 = J/ and
 2 =  (2S)) are defined by the residues of the functions
H
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poles:
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transversity amplitudes. The most precise con-
straints on these amplitudes can be obtained from
Babar [25, 26], Belle [27–29] and LHCb [30].

We use the data to produce two sets of five pseudo-
observables (three magnitudes and two relative phases
on each resonance):
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The numerical values for these pseudo-observables are
obtained from the posterior-predictive distributions of
a Bayesian fit. The inputs for this fit and the results
are provided for completeness in the appendix. These
pseudo-observables will act as constraints on the param-
eters of the correlators at z = 0.18 and z = �0.44.

IV. THEORY CONSTRAINTS

At q

2
< 0 the functions H

�

can be calculated with
the current approaches for the large recoil region. We

k 0 1 2

Re[↵(?)
k ] �0.06 ± 0.21 �6.77 ± 0.27 18.96 ± 0.59

Re[↵(k)
k ] �0.35 ± 0.62 �3.13 ± 0.41 12.20 ± 1.34

Re[↵(0)
k ] 0.05 ± 1.52 17.26 ± 1.64 –

Im[↵(?)
k ] �0.21 ± 2.25 1.17 ± 3.58 �0.08 ± 2.24

Im[↵(k)
k ] �0.04 ± 3.67 �2.14 ± 2.46 6.03 ± 2.50

Im[↵(0)
k ] �0.05 ± 4.99 4.29 ± 3.14 –

TABLE I. Mean values and standard deviations (in units of

10�4) of the prior PDF for the parameters ↵(�)
k .
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FIG. 1. Results of the prior and posterior fits for the ratio
Re[Ĥ?(z)]/F?(z). See the text for details.

use QCD-factorization at next-to-leading order in ↵
s

, in-
cluding the form factor terms and hard-spectator con-
tributions [12, 31]. In addition, we include [32] the
soft-gluon correction calculated via a LCSR in Ref. [13].
For the form factors we use the results from the LCSR
with B-meson distribution amplitudes [2], in order to
have a mutually consistent description of form factors
and non-local contributions and benefit from theoret-
ical correlations among both. In this way we com-
pute the ratios H

�

(q2)/F
�

(q2) at the points q

2 =
{�7, �5, �3, �1} GeV2. These ratios are used as pseudo-
observables to constrain the parameters in Eq. (6) at
z = {0.52, 0.50, 0.48, 0.46}. Further details and results
are presented for completeness in the appendix. We em-
phasize that no theory is used at q

2 � 0 at all.

V. SM PREDICTIONS

We now perform a fit of Eq. (6) to the combined ex-
perimental and theoretical constraints described above in
Sections III and IV. We find that Eq. (6) with K = 2 pro-
vides an excellent fit to all inputs, with a p-value of 0.91.
All 1D-marginalised posteriors are reasonably symmet-
ric around their modes. The result of this fit is a set of
correlated values for the complex parameters ↵(�)

k

, which
are summarized in Table I. These values lead to a de-
termination of the non-local correlator in Eq. (2) that is
consistent with the B ! K

⇤
 

n

measurements, the theory
calculations at negative q

2, and it is independent of new
physics in semileptonic operators. Thus, unlike Ref. [33],
this is a genuine SM determination.

The gray band in Fig. 1 shows the result of this “prior”
fit for the case of the real part of H?(q2). Similar plots
for the other correlators are provided in the appendix for
completeness.

With these results at hand, we can compute SM pre-

polynomial 

expansion
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Amplitude fit: controlling the charm loop

AL,R
� = N�

⇢
(C9 ⌥ C10)F�(q

2) +
2mbMB

q2


C7FT

� (q2)� 16⇡2MB

mb
H�(q

2)

��
✴ Parametrization introduced by Bobeth et al. [arxiv:1707.07305]

✦ Wilson coefficients
✦ Form factors
✦ Non-local hadronic matrix elements ("charm loop”)

Ĥ�(z) =

"
X

k

↵(�)
k zk

#
F�(z)H�(z) =

1� zz⇤J/ 
z � zJ/ 

1� zz⇤ (2S)

z � z (2S)
Ĥ�(z)

extract the poles

mapping: q2 → z(q2)

✴ analytic within | z | = 1 
✴ truncation at order zk

which order of z describes 
well nature is a-priori unknow

✴ Extended unbinned amplitude fit: 1

�

d4�

dq2 d⌦
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Chapter 1:  Amplitude fit to B → K*µµ decays  [based on arxiv:1805.06378] 
✦ What are the prospects for disentangling the charm loop from possible New 

Physics effects?
✦ Can we access quantitatively the model dependency (systematic) associated 

to the charm loop?
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Amplitude fit to B → K*µµ decays
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✦ signal yield fitted to BR 
✦ full set of parameters floating: 

✦ CKM, FF           multi-Gauss. constraints 
✦ H                  free floating

✦ sensitivity based in signal-only toys  
❖ no experimental effects (e.g. background, 

s-wave, acceptance, efficiency)

Scanning the order of the z-expansion:

✦ C9: Strong dependence on the cut-off ✘

✦ C10: unaffected!  ✔

A. Mauri (Zurich University) - ICHEP 2018 

✴ Direct fits to with different approaches have been proposed in JHEP 11 (2017) 176 and 
EPJ C78 (2018) n.6 453 

3σ contour
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Combined fit to B → K*µµ decays and theory

Combined fit to: 
✦ semi-muonic B → K*µµ decays 
✦ theory points at negative q2 

❖ reliable theory predictions [arxiv:1707.07305] 

✦ hadronic B → K*{J/ψ, ψ(2S)} decays 

❖ sets of 5 pseudo-observables [arxiv:1707.07305]
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LHCb Upgrade ✦ Uncertainty only 
slightly increases 
after z3 fits

✦ We can access in a 
quantitative way this 
model-dependency

A. Mauri (Zurich University) - ICHEP 2018 
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C9 = -1NP
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Sensitivity for different 
statistical scenarios

A. Mauri (Zurich University) - ICHEP 2018 

3σ contour

✦ Measurement of C10 independent on the lack 
of knowledge on the charm-loop

✦ Precision saturates due to the form factors 
uncertainty after LHCb Run II
✦ we have been very conservative doubling 

the FF uncertainty of JHEP 08, 098 (2016)

✦ Possible 3σ observation after LHCb Run II 
(depending on the NP scenario…)

C9 = -1NP
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Chapter 2:  Test of LFU in B → K*ll decays   [based on arxiv:1805.06401] 
✦ Simultaneous amplitude fit to B0 → K*µµ and B0 → K*ee decays?
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Simultaneous fit of B → K*µµ and B → K*ee
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Simultaneous unbinned amplitude fit:

✤ All nuisance parameters are shared 
between muons and electrons
✦ CKM, local (FF) and non-local     

(charm-loop) hadronic 
✤ Only C9 

(
 
µ,

 
e

 
) and C10 

(
 
µ,

 
e

 
) are treated  

✤ Extended maximum likelihood fit    

differently between muons and electrons

include RK* information

A. Mauri (Zurich University) - ICHEP 2018 
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The correlation that enables LFU test

✤ C9( l ) strongly model-dependent 

✤ Model-independent determination 
of the difference between electron 
and muon WCs 

✦ Insensitive to the 
parametrization of the    
charm loop 

✦ Significance wrt LFU 
hypothesis is unbiased

3σ (C9μ) [z4]
3σ (C9μ) [z3]
3σ (C9μ) [z2]

LF
U

C9µ
NP = C9µ

SM -1

ΔCi = Ci(µ) - Ci(e)

A. Mauri (Zurich University) - ICHEP 2018 
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SM

Determination of ΔC9 and ΔC10 is model-independent

SM

C9µNP = C9µSM -1

  C9µNP = -C10µNP  

                 = C9µSM -0.7

4.6 σ 5.3 σ

Early observation of LFU violation can be seen with LHCb Run II dataset

ΔC9 - ΔC10 LFU test of SM

Note: very conservative NP scenarios        RK* ~ 0.85 (0.75)   [RK*(LHCb Run I) = 0.69 + 0.12]

✦ Sensitivity for the expected statistics at LHCb Run II

_

A. Mauri (Zurich University) - ICHEP 2018 
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Distinguishing NP models

ΔCi parameters are found to be independent
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2
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]-1BelleII [50 ab

This method allows to separate the 
nature of NP directly from data

A. Mauri (Zurich University) - ICHEP 2018 

3σ contour

on both local (form-factor) and non-local 
(charm loop) hadronic effects
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Corollary measurements

From the fit results we can obtain the 
classic angular observables
✦ and compare to the (folded) binned fit

LHCb Run II

Note: an amplitude fit to the electron channel is only possible thanks to the fact that the 
determination of all the nuisance parameters is completely dominated by the large muon 
sample         

A. Mauri (Zurich University) - ICHEP 2018 
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Conclusion chapter 1

✦ A combined fit to B → K*µµ decays, theory and hadronic decays strongly reduce 
the model-bias on C9 introduced by the truncation of the z-expansion 
❖ studying the behaviour of the series expansion at different order can allow to 

access in a quantitative way this model-dependency 

✦ C10 is independent on the lack of knowledge on the charm-loop 
❖ promising sensitivity for LHCb Run II

A. Mauri (Zurich University) - ICHEP 2018 
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Conclusion chapter 2

The proposed new parameters ΔCi combine 

✦ independent from both local (form-factors) and 
non-local (charm-loop) hadronic effects 
✤ all nuisance parameters shared between the 

two modes 
✦ many advantages 

✤ combine RK* and angular analysis sensitivity 
✤ robust against theory and experimental effects

all the information from B → K*ll  decays

Perfect q2 resolution Asymmetric q2 smearing

A. Mauri (Zurich University) - ICHEP 2018 
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Thank you!
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Angular observables
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We derive a-posteriori the standard angular observables Si, P'i
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Distinguishing NP models

ΔCi parameters are found to be independent on both local (form-factor) 
and non-local (charm loop) hadronic effects
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This method allows to separate the nature of NP directly from data
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Corollary measurements

From the fit results we can obtain the classic angular observables for the two channels

✦ and compare to the (folded) binned fit

LHCb Run II

Note: an amplitude fit to the electron channel is only possible thanks to the fact that the 
determination of all the nuisance parameters is completely dominated by the large muon 
sample         
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✦ and compare for different NP models
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