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✴ Historically a key channel for indirect search for NP
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SM

VS

✴ Br  below SM expectation  [JHEP 06 (2014) 133, JHEP 09 (2015) 179, JHEP 06 (2015) 115 ] 

✦ coherently in all b !  sµµ decay modes 

✴ P5Õ anomaly  [JHEP 1308 (2013) 131, JHEP 02 (2016) 104, PRL 118 (2017)11, 111801 ]

Are these hints of NPÉ ? 

is there a problem with 

the understanding of 

QCD?

or

In this talk we present prospects for present and future 
experiments to disantangle the two effects!



✴ EFT !  general model-independent parametrization of NP 

✦ possible sources of NP included in Ci 

✦ Non-local hadronic contribution from SM 
❖ difficult to reliably quantify from first principles
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Controlling the charm loop
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✴ Parametrization introduced in arxiv:1707.07305v1 
[see talk by J. Virto] 

✴ The angular distributions can be described by 
the q2-dependent K*  amplitudes
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Two theory issues:
1. form factors (LCSRs, LQCD, symmetry relations . . . )
2. nonlocal hadronic contribution (SCET/QCDF, OPE, LCOPE . . . )
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Local

(! = ! , " , 0)

both will be 
extracted from 

data…



How to parametrize the correlator H  ? 
✤ Taylor expansion around z = 0    [after mapping: q2 ! z(q2)] 

✤ Extract the poles: 

                analytic within unit circle | z | = 1
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The parametrization (in a nutshell)
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[see talk by J. Virto]
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What do we know about the correlator H  ? 
✤ Experimental constraints: 

✦ B !  K*{ J/", " (2S)}  branching ratio by Belle 
and angular observables by BaBar and LHCb 

✤ Theory constraints: 
✦ the ratios                       are theoretically 

computed for q2<0: {-1, -3, -5, -7} GeV2
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value that can be chosen forK 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 decaysB ! K ! ! n (with ! 1 = J/ ! and
! 2 = ! (2S)) are deÞned by the residues of the functions
H ! (q2) on the ! n poles:
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" n
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+ á á á, (8)
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straints on these amplitudes can be obtained from
Babar [25, 26], Belle [27Ð29] and LHCb [30].
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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 Þt. The inputs for this Þt and the results
are provided for completeness in the appendix. These
pseudo-observables will act as constraints on the param-
eters of the correlators atz = 0 .18 and z = # 0.44.

IV. THEORY CONSTRAINTS

At q2 < 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 ] ! 0.35 ± 0.62 ! 3.13 ± 0.41 12.20 ± 1.34

Re[! (0)
k ] 0.05 ± 1.52 17.26 ± 1.64 Ð

Im[ ! ( ! )
k ] ! 0.21 ± 2.25 1.17 ± 3.58 ! 0.08 ± 2.24

Im[ ! ( " )
k ] ! 0.04 ± 3.67 ! 2.14 ± 2.46 6.03 ± 2.50

Im[ ! (0)
k ] ! 0.05 ± 4.99 4.29 ± 3.14 Ð

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 Þts for the ratio
Re[ öH ! (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 beneÞt from theoret-
ical correlations among both. In this way we com-
pute the ratios H ! (q2)/ F ! (q2) at the points q2 =
{ # 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 atq2 ' 0 at all.

V. SM PREDICTIONS

We now perform a Þt of Eq. (6) to the combined ex-
perimental and theoretical constraints described above in
SectionsIII and IV . We Þnd that Eq. (6) with K = 2 pro-
vides an excellent Þt 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 Þt 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 negativeq2, 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 ÒpriorÓ
Þt for the case of the real part ofH " (q2). Similar plots
for the other correlators are provided in the appendix for
completeness.

With these results at hand, we can compute SM pre-
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are presented for completeness in the appendix. We em-
phasize that no theory is used atq2 ' 0 at all.

V. SM PREDICTIONS

We now perform a Þt of Eq. (6) to the combined ex-
perimental and theoretical constraints described above in
SectionsIII and IV . We Þnd that Eq. (6) with K = 2 pro-
vides an excellent Þt 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 Þt is a set of
correlated values for the complex parameters↵(�)
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 n measurements, the theory
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physics in semileptonic operators. Thus, unlike Ref. [33],
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Þt for the case of the real part ofH?(q2). Similar plots
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We can use these information as priors 
for the #! (k) parameters in our fit

H! (q2)/F! (q2)



Additional constraints to the fit:
✤ the BR is gaussian constrained separately in the two regions [4]: 
✤ multi-variate gaussian priors on #!

(k) 
✤ multi-variate gaussian priors on form factors [5] 
✤ gaussian constraint to CKM parameters [6]
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39 nuisance 
parameters

free-floating Ci+

current analysis ranges:  
✦ LHCb: [1.1, 8.0] & [11, 12.5] GeV2  [1]        

✦ Belle:  [1.1, 8.0] & [10.1, 12.9] GeV2  [3]
[1.1, 8.8] & [10.1, 12.9] GeV2  [2]

[1] JHEP02(2016)104            [4] JHEP 04 (2017) 142 
[2] PRL111(2013)191801      [5] JHEP 08, 098 (2016)  
[3] PRL118(2017)11,111801 [6] JHEP0610,081(2006)

We perform a q2-unbinned amplitude fit:
✤ signal p.d.f. =
✤ Cut hadronic expansion at order z2:

❖ 8 complex parameters  
 (     must vanish for q2= 0)

✤ two q2 ranges: [1.1, 9.0] &  [10.0, 13.0] GeV2 

❖ also tried [1.1, 8.0] &  [11.0, 12.5] GeV2
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NP sensitivity
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We define a “BenchMark-Point” (BMP) scenario for NP:   C9BMP = C9SM -1

✤ C7 and C10 fixed at their SM values

✤ generate 4k toys and perform the fit 

✤ extract the sensitivity to non-SM C9 for present and future  
experiments (LHCb and Belle-II) 
❖ no experimental effects (resolution*, efficiency…) 
❖ no S-wave pollution

Sensitivity to be understood 
as upper bound (stat. only)

*assuming a “naive” constant resolution for ! q2 of 9 MeV [PRD95,071101(2017)] 
has a negligible impact on the sensitivity

[see Langenbruch et al.’s work, arXiv:1708.04474v1]



theory constraints
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Prior knowledge on the #!
(k) parameters
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So far we used theoretical and experimental prior knowledge on the ! "
(k) parameters

❖ When using priors the fit is able to extract additional information  
✤ uncertainties a-posteriori are smaller than a-priori

LHCb Run2



theory constraints No theory constraints
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Prior knowledge on the #!
(k) parameters
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So far we used theoretical and experimental prior knowledge on the ! "
(k) parameters

❖ When using priors the fit is able to extract additional information  
✤ uncertainties a-posteriori are smaller than a-priori

Can we perform the analysis without any prior?

Yes! 
When removing the priors the fit converges and             

we are still able to disantangle hadronic from NP effectsLHCb Run2
"( C9) = 0.13   "(C9) = 0.19

with priors without priors



C9 resolution worsen by a factor 3 with the z3 

terms

We find:

❖   

❖   

❖                            vs  

9

our K+ infl.

Sensitivity to higher order in z
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So far we cut the expansion of            after z2

❖ This introduces a model dependence 
❖ Priors for z3  would require complete NP analysis

öH ! (z)

Still we try to study effects of expansion up to z3:

❖ Toys genereted with #!
(3) = 0             but #!

(3) free-floating in the fit 
❖ Fitted without theory priors on #!

(k)

No sensitivity for #!
(3) < 5 .10-3

! (C9)
!
!
z3 = 0 .69

�(↵3
! ) ! 5 · 10�3

C9
!
!
z3 ! C9

!
!
z2 = 0 .17

! (C9)
!
!
z2 = 0 .17 Possible solution: combined NP 

analysis of theory results, hadronic 
decays and B !  K*µµ
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NP sensitivity: projection
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Motivation to perform 
combined theory+experimental 
analysis in LHCb/Belle-II soon 

Assuming the parametrization 
of [arxiv:1707.07305] is good 

description of nature

fit with z2

Crucial to study higher 
order of z in data
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Lepton Flavour Universality test
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#C9 = C9(µ) - C9(e)

✤ Recent non-standard measurements of LFU ratios (RK, RK*) suggest a possible LFU 
violating NP explanation to b "  sµµ anomalies

✤ LFUV, if exist, must be observed also in angular analysis
✤ We can perform a simultaneous fit to muons & electrons

✦ all parameters shared except for Wilson coefficients

We define:

What are the prospects for 
a measurement of a LFU 

violating #C9?

We investigate the NP scenario:

C9(µ) +1 = C9(e) = C9SM  (NP only in muons)
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Lepton Flavour Universality test
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#C9 = C9(µ) - C9(e)

✤ Recent non-standard measurements of LFU ratios (RK, RK*) suggest a possible LFU 
violating NP explanation to b "  sµµ anomalies

✤ LFUV, if exist, must be observed also in angular analysis
✤ We can perform a simultaneous fit to muons & electrons

✦ all parameters shared except for Wilson coefficients

We define:
B " K* ee decay:
✤ worse experimental resolution due to 

bremsstrahlung 
✦ analysis limited to the q2 range: 

[1.1, 7.0] GeV2 

✦ optimistic case:
✦ same number of µ and e in 

the region between J/"  and 
" (2S) 

✦ pessimistic case:
✦ no e in the region between   

J/" and " (2S) 
✦ sensitivity lowered by ~1.5$ 

at 50 ab-1

What are the prospects for 
a measurement of a LFU 

violating #C9?

We investigate the NP scenario:

C9(µ) +1 = C9(e) = C9SM  (NP only in muons)

LHCb

Belle-II
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#C9: LHCb/Belle-II sensitivity
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LHCb:    %e ~ 1/10 %µ Belle-II:    %e ~ %µ

❖ Smearing of electron resolution (compatible 
with [JHEP 08, 055 (2017)])
✦ results in a shift of the value of C9(e) but 

doesn’t affect #C9 resolution
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#C9: future prospect

A. Mauri (UZH) - Implication Workshop (CERN) - 8th Nov. 2017

✤ Prospect for #C9 based on B " K*µµ and B " K*ee expected yield in LHCb and Belle-II 

❖ Belle-II dashed line assumes the inclusion of B " K*+ ll  decays (roughly double the 
number of events)
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Combined C9, C10 fits

A. Mauri (UZH) - Implication Workshop (CERN) - 8th Nov. 2017

LHCb Run-II Belle-II [50ab-1]

✤ Many model allow NP contribution in both C9 and C10 
✤ Prospect for a combined fit to C9, C10 using (only) the B " K*µµ and B " K*ee 

expected yield for LHCb-RunII and Belle-II 
❖ projected C10 sensitivity to Bs " µµ is overlaid as reference 

✤ Assumption: NP only in C9(µ)
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Conclusion

✤ We presented the prospects for future simultaneous determinations of NP shifts to 
C9 and non-local hadronic effects in the decay B " K*µµ 

❖ Results crucially dependent on present knowledge of hadronic correlator from 
arxiv:1707.07305 

❖ The current dataset available at the LHCb experiment might provide a large 
statistical significance to NP, assuming our NP scenario 

❖ Capability of extracting information on the hadronic correlators from data-only, 
without any priors 

✤ Motivation to perform combined theory+experimental analysis in LHCb/Belle-II soon  

✤ Simultaneous fit to B " K*µµ and B " K*ee decays can allow to explore LFU 
breaking hypothesis

A. Mauri (UZH) - Implication Workshop (CERN) - 8th Nov. 2017
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Problem with priors for z3 coefficients
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✦ theory at q2 < 0 
✦ B " K *µµ data (C9 dependent)
✦ B " K *{ J/", " (2S)}  !"#$%&$%$"'$(

J/ ! (1S)

! (2S)
C(!)

7

C(!)
7 C(!)

9 C(!)
9 C(!)

10

4 [m(µ)]2
q2

d!
dq2

)"*(

+,"-(*!.#)"'$(
',"#%!/01,".(&%,2(
)/,3$(,4$"('5)%2(
#5%$.5,6*((

cøc

✦ priors for z2 are constructed from:
✦ theory
✦ hadronic

✦ NP independent

✦ priors for z3 are constructed from:
✦ theory
✦ hadronic
✦ B " K *µµ

✦ NP dependent



B -> K*µµ ANGULAR ANALYSIS !
Study the full angular distribution ( ! l, ! K," ) of the 4 Þnal state particles. !
!
Described by eight independent observables: !
!
!
!
!
!
!
!
!
!
!
!
!
Observables (A FB, FL and Sj) are function of the Wilson coefÞcients. !
!
A cleaner set of observables, where hadronic  form factor uncertainties 
cancels at the leading order, can be deÞned ( JHEP 1305(2013)137 ), ex: !
!

10 !Francesco Polci Ð CKM 2016 !
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Intro: parametrization

✤ The differential decay rate can be expressed by separating the angular and     
dependencies

q212

scalar operators are present. If no chirality-ßipped op-
erators contribute the ratios Eqs. (18) and (19) allow
for a short-distance free extraction of form factor ratios
involving f ! . There is a residual short-distance depen-
dence from tensor operators in Eq. (17), which, however,
is ! QCD /M B suppressed.

The low recoil relations among theH (i )
T and J7,8,9 = 0

receive corrections from both NP, see Table I, and contri-
butions beyond the leading order OPE Eq. (1), as given in
Eq. (76) and discussed in Section VI. Our analysis shows
that with the present |" B | = |" S| = 1 constraints J7
has model-independently the highest sensitivity to the
latter corrections at the percent level, before a potential
NP background kicks in. The sensitivity in |H (1)

T | = 1 to
OPE corrections becomes comparable or better if tensor
operators are ignored. The interplay of constraints will
evolve with future rare decay measurements, and the ac-
tual sensitivity to the OPE can increase.

The observables J8,9 are sensitive to CP violating
chirality-ßipped contributions. We suggest to explore
such scenarios with the observablesH (4,5)

T and the respec-
tive CP- and T-odd CP asymmetry a(4)

CP , all of which van-
ish in the SM-like basis. Further null tests are the ratios
Eq. (36). Note that one of the latter, J9/J 6s = Aim /A FB
has already been experimentally accessed [29].

Our Þndings are of direct use to the high statistics studies
at the LHC(b) experiments and forthcoming high lumi-
nosity ßavor factories. We look forward to this applica-
tion and future data.
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Appendix A: Angular distribution

The di#erential decay rate of øB ! øK " (! øK ⇡) `+ `# can,
after summing over the lepton spins, assuming an on-
shell øK " of narrow width, and integrating over the øK ⇡-

invariant mass, be written as

8⇡
3

d4$
dq2 dcos✓! dcos✓K d�

=

(J1s + J2s cos2✓! + J6s cos✓! ) sin2✓K

+( J1c + J2c cos2✓! + J6c cos✓! ) cos2✓K

+( J3 cos 2� + J9 sin 2�) sin2✓K sin2✓!

+( J4 cos� + J8 sin�) sin 2✓K sin 2✓!

+( J5 cos� + J7 sin�) sin 2✓K sin✓! ,

(A1)

with twelve angular coe%cients Ji = Ji (q2) times the an-
gular dependence. The angles are deÞned asi ) the angle
✓! between`# and øB in the (`+ `# ) center of mass system
(cms), ii ) the angle ✓K betweenK # and the negative di-
rection of ßight of the øB in the (K # ⇡+ ) cms 2 and iii )
the angle� between the two decay planes spanned by the
3-momenta of the (K # ⇡+ )- and (`+ `# )-systems, respec-
tively [6Ð8, 16].
Within the (SM+SMÕ) operator basis holdsJ6c = 0. A
nonvanishing J6c arises only from interference between
the operator sets (SM+SMÕ) and S [8], (SM+SMÕ) and
T, and P and T [21]. The explicit expressions of theJi
are given in Appendix B.
We denote by

"Ji #=
! q2

max

q2
min

dq2 Ji (q2) (A2)

q2-integrated angular observables Ji in bins between
q2

min and q2
max . For composite observablesX we use

"X # = X ("Ji #). We assume in the following that an
S-wave background from øK ⇡ around the K " (892) mass
has been removed as discussed in Section VI B.
Starting from the q2-integrated decay distribution
d3"$#/d cos✓! dcos✓K d� one obtains the integrated decay
rate and the three single-angular di#erential distributions

"$#= 2 "J1s#+ "J1c# $
1
3

(2 "J2s#+ "J2c#) , (A3)

d "$#
d�

=
"$#
2⇡

+
2

3⇡
"J3#cos 2� +

2
3⇡

"J9#sin 2� , (A4)

d "$#
dcos✓!

= "J1s#+
"J1c#

2
+

"
"J6s#+

"J6c#
2

#
cos✓!

+
"

"J2s#+
"J2c#

2

#
cos 2✓! , (A5)

2 This corrects the description of ! K as in v3 and earlier versions
of this work, as well as Refs. [4, 5, 7]. De facto, in all of these
works the description as spelled out here has already been used
for all numerical and analytical studies, which explicitly includes
the numerical implementation within EOS [45].

AL,R
! = N!

!
(C9 ! C10)F! (q2) +

2mbMB

q2

"
C7FT

! (q2) " 16⇡2 MB

mb
H! (q2)

#$

✤ The angular observable can be described by the    -dependent      amplitudesq2
K ! (! = ! , " , 0)

Wilson coeff. Non-local contribution

Form factorsNormalization

A. Mauri (UZH) - Churwalden mountain hut meeting
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Amplitudes

13

d ! ! "
dcos! K

=
3
2

!"
!J1s" #

1
3

!J2s"
#

sin2! K

+
"

!J1c" #
1
3

!J2c"
#

cos2! K

$
(A6)

after integration over either all or the remaining two an-
gles, respectively.
The lepton forward-backward asymmetry AFB can be
written as

!AFB " ! ! " = !J6s" +
!J6c"

2
, (A7)

see Eq. (A5). The extraction of J4,5,7,8 has been dis-
cussed in [7]. For alternative methods to obtain theJi ,
see for example [8, 20, 39].
The longitudinal K ! polarization fraction FL can model-
independently be deÞned as

1
! ! "

d! ! "
dcos! K

=
3
4

!FT " sin2! K +
3
2

!FL " cos2! K . (A8)

From comparison with Eq. (A6) one can read o"

!FL " =
1

! ! "

"
!J1c" #

1
3

!J2c"
#

, (A9)

!FT " =
2

! ! "

"
!J1s" #

1
3

!J2s"
#

, (A10)

where FT + FL = 1.
In the experimental analyses by the collaborations Belle
[31], BaBar [32], CDF [33] and LHCb [41] the distribution

1
! ! "

d! ! "
dcos! !

=
3
4

!FL " (1 # cos2! ! ) (A11)

+
3
8

!FT " (1 + cos2! ! ) + !AFB " cos! !

is at least partially employed. We stress that the latter
is based on [cf. Eqs. (B1) - (B4)]

J1s = 3 J2s , J1c = # J2c , (A12)

which is broken by m! $= 0 and/or in the presence of S,
P, T or T5 contributions. Therefore, results for FL based
on Eq. (A11) do not hold in full generality.

Note that in cases where Eq. (A12) holds, such as the SM
with lepton masses neglected,FL = ( |AL

0 |2 + |AR
0 |2)/ ! =

# J2c/ ! . Furthermore, !J2s" = 3 / 16 ! ! " (1 # ! FL ") and
!J2c" = # 3/ 4 ! ! " ! FL ".

Appendix B: Angular observables

The Ji (q2) of Eq. (A1) can be conveniently expressed
within the (SM+SMÕ) operator basis with the help of
seven transversity amplitudes, AL,R

0," ,# and At , [6]. The
operators S require an additional amplitudeAS, whereas
the set P can be absorbed into the amplitudeAt [8]. In
the presence of tensor operators T and T5, six additional
transversity amplitudes Aij need to be introduced, with
ij = { %&, t0, t &, t %, 0&, 0%} , see Appendix C. In the
complete basis (SM+SMÕ) + (S+P) + (T+T5) we obtain

4
3

J1s =
(2 + " 2

! )
4

%
|AL

" |2 + |AL
# |2 + ( L ' R)

&
+

4m2
!

q2 Re
'

AL
" AR

"
!

+ AL
# AR

#
!
(

(B1)

+ 4 " 2
!

)
|A0" |2 + |A0#|2

*
+ 4 (4 # 3" 2

! )
)
|At " |2 + |At #|2

*

+ 8
(

2
m!+

q2
Re

%
(AL

# + AR
# )A!

t #+( AL
" + AR

" )A!
t "

&
,

4
3

J1c = |AL
0 |2 + |AR

0 |2 +
4m2

!

q2

%
|At |2 + 2 Re(AL

0 AR
0

!
)
&

+ " 2
! |AS |2 (B2)

+ 8 (2 # " 2
! )|At 0|2 + 8 " 2

! |A#" |2 + 16
m!+

q2
Re

%
(AL

0 + AR
0 )A!

t 0

&
,

4
3

J2s =
" 2

!

4

!
|AL

" |2 + |AL
# |2 + ( L ' R) # 16

)
|At " |2 + |At #|2 + |A0" |2 + |A0#|2

*
$
, (B3)

4
3

J2c = # " 2
!

!
|AL

0 |2 + |AR
0 |2 # 8

)
|At 0|2 + |A#" |2

*
$
, (B4)
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4
3

J3 =
�2

!

2

!
|AL

! |2 ! |AL
" |2 + ( L " R) + 16

"
|At " |2 ! |At ! |2 + |A0" |2 ! |A0! |2

#
$
, (B5)

4
3

J4 =
�2

!#
2

Re
!
AL

0 AL
"

#
+ ( L " R) ! 8

#
2

%
At 0A#

t " + A"! A#
0"

&$
, (B6)

4
3

J5 =
#

2�! Re
!
AL

0 AL
!

#
! (L " R) ! 2

#
2At " A#

S !
m!'

q2

%
[AL

" + AR
" ]A#

S (B7)

+ 4
#

2A0" A#
t ! 4

#
2 [AL

0 ! AR
0 ]A#

t ! ! 4 [AL
! ! AR

! ]A#
t 0

&$
,

4
3

J6s = 2 �! Re
!
AL

" AL
!

#
! (L " R)+4

#
2

m!'
q2

%
[AL

! ! AR
! ]A#

t " + [ AL
" ! AR

" ]A#
t !

&$
, (B8)

4
3

J6c = 4 �! Re
!
2At 0A#

S +
m!'

q2

(
(AL

0 + AR
0 )A#

S + 4 A"! A#
t

)
$
, (B9)

4
3

J7 =
#

2�! Im
!
AL

0 AL
"

#
! (L " R)+2

#
2At ! A#

S +
m!'

q2

%
[AL

! + AR
! ]A#

S (B10)

+ 4
#

2A0! A#
t + 4

#
2 [AL

0 ! AR
0 ]A#

t " ! 4 [AL
" ! AR

" ]A#
t 0

&$
,

4
3

J8 =
�2

!#
2

Im
!
AL

0 AL
!

#
+ ( L " R)

#
$
, (B11)

4
3

J9 = �2
! Im

!
AL

! AL
"

#
+ ( L " R)

#
$

, (B12)

where the lepton massm! has been kept and�! ='
1 ! 4m2

! /q 2.
Here the transversity amplitudes contain the contribu-
tions from the operators in Eqs. (3) Ð (5) which are fac-

torizable. Non-factorizable contributions from Oi $ 6,8 are
taken into account by using e! ective Wilson coe" cients
Ce!

i . Within naive factorization the transversity ampli-
tudes read

AL,R
! =

#
2N

#
�

*
[(C9 + C9! ) $ (C10 + C10! )]

V
M B + M K "

+
2mb

q2 (C7 + C7! ) T1

+
, (B13)

AL,R
" = ! N

#
2(M 2

B ! M 2
K " ) %

*
(B14)

[(C9 ! C9! ) $ (C10 ! C10! )]
A1

M B ! M K "
+

2mb

q2 (C7 ! C7! ) T2

+
,

AL,R
0 = !

N

2M K "

'
q2

%
*

(B15)

,
(C9 ! C9! ) $ (C10 ! C10! )

-,
(M 2

B ! M 2
K " ! q2)(M B + M K " )A1 !

�

M B + M K "
A2

-

+ 2mb (C7 ! C7! )
, "

M 2
B + 3M 2

K " ! q2#
T2 !

�

M 2
B ! M 2

K "

T3

-+
,

At = N

#
�

'
q2

!
2 (C10 ! C10! ) +

q2

m!

(CP ! CP ! )
(mb + ms)

$
A0, (B16)

AS = ! 2N
#
�

(CS ! CS! )
(mb + ms)

A0, (B17) A"! ( t 0) = ± N
CT (5)

M K "

,
(M 2

B + 3 M 2
K " ! q2) T2 (B18)
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Projected number of events

LHCb Muons Electrons

[1.1, 9.0] GeV2 [10.0, 13.0] GeV2 [1.1, 7.0] GeV2 [10.0, 13.0] GeV2

Run1 + 2016 2330 1200 265 -

Run2 4570 2360 520 -

Upgrade 40620 20980 4660 -

Belle-II Muons Electrons

[1.1, 9.0] GeV2 [10.0, 13.0] GeV2 [1.1, 7.0] GeV2 [10.0, 13.0] GeV2

5 ab! 1 425 175 160 100

12 ab! 1 1020 420 390 245

24 ab! 1 2045 840 780 490

36 ab! 1 3070 1260 1170 740

50 ab! 1 4260 1750 1625 1025

1
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Prior knowledge on the #!
(k) parameters
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So far we used prior theoretical and experimental knowledge on the on the ! "
(k) parameters

Can we perform the analysis without any prior?

Yes! 
❖ When using the theory priors the fit is able to extract additional 

information ! uncertainties a-posteriori are smaller than a-priori 
❖ When removing the priors the fit converges and we are still able 

to disantangle hadronic from NP effects
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