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Motivation

# B - K u*u~ decays are mediated by FCNC

» Suppressed inthe SM — sensitive to NP ' LU & b — 5 (d
N ! B S
» Decay fully describedby  Q = (cos 6;, cos O, @), q2 v, Z0 by \K e
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dq2 dQ} T 327 '

angular Coefflments angular functions

# NP particles can affect branching ratio and angular distributions



Current status of the anomalies

0 Angular analysis in bins of g2

0 Tensionw.r.t. the SM

Run 1 + 2016: 4.7 fb~! - i |
- LHCbRun 1 + 2016 3 —— Run 1 + 2016
ﬂ || SM from DHMV .
0.5: + —: -
X ] S
T F ] 5
i ] A
Z %) i
S + | - %) —
i = —+ < — LHCb
Z S = —— ]
N - . flavio v2.0.0
ol | T T T T
0 5 10 15 1.0 15 2.0
g* [GeV?/c4]

PRL 125 (2020) 011802



How to move on

More data

full Run1 + Run?2
More improved selection
binned ang. obs. + BR+A_CP

Information

see next talk

Unbinned measurements

this talk



Three K"mumu unbinned measurements

0 Different choices of g2 treatment
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Commonalities

0 Signal selection aligned where possible

0 Background rejection

O veto peaking backgrounds

O remove combinatorial

le3 le-2 le—-1
1.2 Signal 4.01 Signal 51 Signal
Background 351 Background Background
1.0 ' n
3.0
081 251 3
0.6 2.01
2_
0.41 2
1.0 1
0.2
0.5
0.0+— T T T T T i T 0.0 . _ _ _ . , . 00— T T T T T T T
0 1 2 3 4 5 6 7 —0.2 0.0 0.2 0.4 0.6 0.8 1.0 0.00 0.25 050 0.75 1.00 1.25 1.50 1.75
BO lifetime (ns) le-3 DLLr(K) le2 BOIP x? e

O Acceptance

(D) Q Q
(>) Q . Q
§ 8 .
o o |
3 3] : 3
S 2 - {1 = ! |
= [ - 0.6 -
2 2 [ 1 = ]
E E i g E o4 ks
: E odf g :
Z. Z : : o
0-2__ ] 0'.|...|...|...|...|...|...|...|...|.'
- . 2 4 6 8 10 12 14 16 18
0'...|...|...|...|...|...[...|...|...|.. ] q2[GeV2/c4]
-1 -0.8-0.6-04-0.2 0 02 04 06 08 1 6

cosf,



Differences
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0 Perform a measurement of the ¢? dependent amplitudes which as model independent
J. High Energ. Phys. 2015, 84 (2015)

as possible

0O Apply the ansatz

to the amplitudes, where L; are Legendre polynomials of order i.
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0 Treatthe S_wave to be flatin ¢* (i.e. nuisance parameters,



0 Due to symmetries in the PDF, need to define which amplitude basis to work in

0 Work in the basis where

Im(Af) = Im(AOL) = Re(A(I)Q) = Im(Ag) =0

0 Our amplitude ansatz can describe a variety of models
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O Publish the P-wave amplitude coefficients with covariance matrix.

0 Example use:

o A model-independent*

parameterisation of the
LHCDb dataset which can
be used to generate v
synthetic datasets and fit £

back with any choice of

model!
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0 Can also compute the amplitudes and thus the observables directly from the fit results
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Z-expansion

0 SM description of local amplitudes

0 Wilson coefficients

0 form factors

0 Parametric form (polynomials) for non-local contributions
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Zz-expansion : the non-local contribution

Combine theory & experimental information

# Prior knowledge can be used to constrain polynomial parameters

# enters as constraints on the value of H(q?) at @ poles and negative ¢?

k External experimental inputs
Theory points at g2 <0 | K

J

Fit provided in two configurations:

- with theory: include theory points @ q2<0
- without theory: exclude theory points @ q2<0
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Challenge #1: The form factors

Should not forget the importance of the FF

3

# P-wave FF constrained to theory predictions from LCSR + Latticeo ot
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Challenge #2: The S wave

0 Non-negligible S wave component in LHCb
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Z-expansion : overview

Aiming to publish:
0 Wilson coefficients C9, C10, C9’, C10’
O 1D and 2D likelihood profile

0 Form factors

0 Non-local hadronic parameters (polynomial coeft.)

Fit to binned angular
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Dispersion relations

0 Amplitude described in terms of effective Wilson coefficients

C7eff,/1(q2) — Cét + exleia)o
G = G+ YO {1l + b 1P Yot

< /

K™ 0
This is determined B’ » B :
theoretically at - M
negative q2 values - "

Constant offset 1-p§|rtu?le 2-p.:=1rtufle Tau loop
Asatrian, Greub, Virto contributions contributions contribution
[JHEP 04 (2020) 012] Includes: Includes:

w(782), w(2S), DD,
p(770), w(3770), D*D,
$(1020), w(4040), D*D*
Jy, w(4160)

(¢

A%

C. Cornella, G. Isidori, M. Konig, S. Liechti, . |
Owen, N. Serra [Eur.Phys.J.C 80 (2020) 12, 1095] |
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Challenge #3: resolution

O Fitfull g2
0 Measure everything w.r.t. B — J/yK* longitudinal amplitude
O g2 resolution much larger than natural widths of J/yand y(25)

0 Requires convolution in the pdf
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Challenge #4: Exotic contribution to B — J/yK*

0 BY — J/wK* polluted by exotic
B — ZK™* with
O Z(4200)” - Jlyx~
O Z4430)” - Jlyn~
O Z(4430)” - w(2S)n™

O Influence observed yield and
distorts cos 6k

Normalised Entries
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Dispersion relations: overview

Aiming to publish:
0 Wilson coefficients ||, [, |, Re(Cy), Re(Cyp), Re(Cy)
0 Relative sign between Cyand C,

0 Form factors

0 Magnitude and phase of 1P resonances

0 Real and Imaginary D D®
0 unable to float all DD, D*D, D*D* components
O constrain one to an other

U AC7 Blinded , , ]
___parameters |C9| il |C10| %(Cg) %(Cu_)) | %(Cg)

Abole | o4 | 044 | 034 | 017 | 232

sensitivity

S

o o Current limit on 93(30 — K*OT+T_) by
Sensitivity to C§ better than current limit Belle (2021) : 2.00 x 1072 at 90% CL

- CI < 450

O Fitforthe complex Wilson Coefficients is also in progress
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Dispersion relations: B* — K utu~

O Similar strategy but simpler angular structure

O Differential decay rate
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Summary and conclusions

Generalised model < . Specific model
Model independent Model dependent
E Binned fit E Amplitude E Z-expansion E Disper.sion .
£ s f ansatz : 8 4 relation
. () ,
Binned angular LR, 2 Co 10 c") T
observables A™E) + non-local . No,f.’iga. psases&
polynomial magnitudes
Ansatz: Quasi-model- z-expansion: Measurement of  Dispersion: Measurement of
indepegdent measurement of C9( ), Cl(g, constrain form- Cg( ), Cl(g, C.,, non-local
the g~ dependence of the factors, quasi-model- phases and magnitudes
transversity amplitudes independent measurement of relative to the J/wK ™
the non-local contributions longitudinal amplitude
Status: Pre-WG review Collaboration review WG review

Exciting times ahead!
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