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A rare and interesting decay

- B - K% — K™z7)e e is a flavour changing neutral current decay that features an
underlying b — s£ ¢~ process

- Decay is forbidden at tree-level in the Standard Model (SM), and sensitive to new physics (NP)
effects
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Differential decay rate

- Distribution of final state particles of B — K % — K*7~ )eTe™ can be described by three
angles: cos0,, cosOy , ¢

1 d*r+0) 9
dr +D)/dg> dp2g 327

[%( 1—F,) sin*@x+F, cos*0x—F, cos’6 cos20,

+.5, sin®@y sin“0, cos2¢+ S, sin20 sin26, cos¢

. . 4 )
+55 SIn20x sinf, cosp+ = A, SIn“Gy cosb,

+.55 s1n20, sinf, singp+ S5 sin26 sin20, sing
+5, sin*0 sin®, sin2¢]

F, — K" longitudinal polarisation fraction

Ay p — forward-backward asymmetry of the
dilepton system

- F;, App, S; — angular observable that are sensitive to the underlying physics

- P/ — optimised observables with reduced theoretical uncertainties, e.g.
S5
VEL(1=F))
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The (in)famous Px

2013: first measurement of P: of B? —» K™~ revealed tension with SM

2015: measurement with larger statistics (2011+2012) — tension persists

Lepton flavour universality (LFU) tests, such as Ry, continue to hint at deviation from SM

3 BB - K %utu)
k= B(BO —» K0¢te)

[4]

What about angular observables of B — K Ve e ™?
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The LHCb detector

- The LHCb is a specialised detector dedicated to the study of b/c-hadron decays

- Aim: search for NP indirectly H
RICH
RICH 1 SPD/PS/ECAL

(PID) - Electron energy measurement

- charged particl
Charged particle - Particle identification (e/y/h)

1dentification

~ - e— | Muon
Vertex locator o —— stations

(VELO)

- Precise vertex
reconstruction

Magnet TT HCAL

. (tracking) - h energy measurement,
UT (tracking) trigger, PID
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A challenging measurement
BY - K™ *e™ angular analysis is more challenging than that of B — K ™y~
Experimentally, muons and electrons are very different

Muons leave clear signatures and are relatively easy to reconstruct
Electron reconstruction 1s more difficult due to large bremsstrahlung losses

xDecreased resolution: more xDecreased trigger efficiency:
background in signal region lower statistics

Compensation strategies

Increase statistics
Simplify PDF
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Analysis updates

Some changes to the analysis strategy and progress have been made since the last presentation,

the main ones include: To cover today...

Model double semi-leptonic background (instead of cut)
Strategy change: fix combinatorial background angular parameters
Cross-check with B - K% - KT27)J/yw( — ete™)

Updated sensitivity studies

First systematics studies
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https://indico.psi.ch/event/7923/contributions/19300/attachments/15182/20800/wang.pdf
https://indico.psi.ch/event/7923/contributions/19300/attachments/15182/20800/wang.pdf

Extraction of angular observables

Angular observables to be extracted via unbinned maximum likelihood fit to mass + angles
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Background components include:
¢ Double semi-leptonic
e B¥ - Ktete™ — vetoed

e Partially reconstructed

e (Combinatorial cosO,

and cosOy , @
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Double semi-leptonic background

Double semi-leptonic background —e.g. B - D7( - K *Oe_De) e'v, as signal

Decay has large branching fraction compared to signal (010~

Due to energy loss from undetected neutrinos these events will resemble combinatorial
background in the mass distribution

However they distort the shapes of angular distributions, in particular that of cos6,

— €0s(6;) cut
m(Kmee)p, > 4500
m(Kmee)py > 4900

LHCDb unofficial
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- Original strategy: apply | cosf,| < 0.8 cut
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Double semi-leptonic background — revised strategy

- Model using Kreu data (LFV — no signal, mostly combinatorial and DSL events e.g.
B" - D~ (— KD, u'v,)

- Obtain angular shape of DSL and combinatorial together in a two-step procedure:

Step 1: fit ‘pure’ DSL sample (MVA>0.9985 (tight!), 4500 < mz, < 5200 MeV/c?)
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Step 2: fixing DSL angular shape, obtain slope and combinatorial shape + slope from fit to
independent sample (0.99<MVA<0.9985, 4900 < mp, < 5700 MeV/c?)
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Preliminary toy studies — set up

- Toy studies: obtain expected sensitivities; determine 1f the combinatorial angular
parameters should be allowed to vary (‘float’)

- ~2000 toys generated with realistic studies from data fits, using updated model
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Toy studies — results

Estimations of convergence rate

- Folded, floating (combinatorial angular parameters) — around 50-60%
- Folded, fixed == ~98%

- Unfolded, fixed => ~98%

Summary of pulls
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Preliminary toy studies — results

Sensitivity to observables (width of parameter distributions)

Observable

Unfolded, fixed

0.051+/-0.001
0.533+/-0.008
0.131+/-0.002
0.274+/-0.004
0.196+/-0.003
0.181+/-0.003
0.177+/-0.003
0.193+/-0.003

Folded, floating

0.062+/-0.001
0.58+/-0.01
0.169+/-0.004
0.289+/-0.006
0.221+/-0.005
0.198+/-0.004
0.196+/-0.004
0.209+/-0.005

Folded, fixed
0.052+/-0.001
0.503+/-0.009
0.135+/-0.002
0.261+/-0.004
0.204+/-0.004
0.180+/-0.003
0.182+/-0.003
0.194+/-0.004

- When most backgrounds parameters are fixed, the advantage of folding 1s reduced...
- Current nominal choice: no folding, fixed combinatorial

*present in multiple folds — lowest value displayed
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Acceptance parametrisation

Acceptance — a function that encodes the effects of reconstruction and selection (+resolution)

Generation/‘true’ Post-selection

~ B ~ R
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- Parametrise in 4d (cos O, cos 0,, ¢, g°) using Legendre polynomials
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Acceptance parametrisation — basic validation

Basic check: retrieval of generator level angular observable values from acceptance
corrected (weighted) post selection sample

0.04

+ 1 Generator level values and uncertainties (centered)
¢ Acceptance-corrected angular fit

0.03

0.02 -

0.01

0.00

—0.01 |

—0.02 |

—0.03 |

—0.04

Order of Legendre polynomials still under consideration, but in general performance 1s good
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Candidates per 28.33 MeV /c?
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Acceptance parametrisation — control mode check

Control mode B — K™J/y( — eTe™) can be used to further check acceptance strategy
- Tree-level decay (not b — s ¢ 7), large statistics (~400 X signal yield!)
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- Backgrounds components: combinatorial, DSL, Ag — pKJ/w( = ete ) withp —» =«

misidentification

- Dip at the edge of cosOy is related to difficulties in modelling cosfy acceptance near +1

Zhenzi Wang
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Acceptance parametrisation — control mode check

Control mode B — K J/y( — eTe™) fit results (centred around values obtained for
B - K'%J/w( — utu™) as part of the B — K %™~ cross-check)

+  Acceptance-corrected mass+angular fit E E $ Acceptance-corrected mass+angular fit

- Compare with independent external data fit results from the B — K 4™y~ analysis
(different acceptance, fit model etc.)

- Agreement good for key observables of interest

- Still work in progress (e.g. background fractions need updating)
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Summary and analysis status

.

- Analysis strategy has been updated since last year:
- Model (instead of cut) contribution from double semi-leptonic background

- Use full cos@, region (enabled by above)

- Fix all background angular shapes and use unfolded signal pdf
- Now the focus 1s on:
- Finalising details/decisions
- Assessing systematics (lots of toys!)
- Completing cross-checks and additional measurements (control mode, folded fits,
q2 e [1.1,6.0]1 GeV?/c*, reduced cosf, region...)

- Internal note writing 1s 1n progress
- Hopefully will start the LHCb review process soon
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Electron strategy: folding

- For electron channel ‘fold’ signal PDF to reduce impact of low statistics, e.g. for Ps
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Acceptance parametrisation

Acceptance is parametrised in 4d (cos @, cos 6., ¢, g*) using Legendre polynomials, the
coefficients of which are obtained via method of moments

e(cosO,, cosOx @, q°) = Z Cr.1mn Li(cos0,) Li(cosOy) L, (¢) Ln(qz)

kimn

L, — Legendre polynomials of order [

Cr1m., — coelficients from moments analysis

Obtain ¢y, , through a calculation:

2k+1 2[1+1 2m+1 2n+1 1
Crtmn = ( > ) 5 ( 5 ) >

Z L,(c080,,)Li(cosOx) L, ()L, (q)
=1

N — Number of events (sum 1s over all events in sample used for parametrisation)

Samples used: B — K % Te™ generator level, and post selection simulation (two
parameterisations)
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Acceptance parametrisation — control mode check

- Control mode B - K™J/y( — e*e™) can be used to further check acceptance strategy
- Tree-level decay (not b — s£7¢7), large statistics (~400 X signal yield!)

- Measure angular observables 1n the same way... with a Ss-small twist
1 d4T +1) _ 9
dT+D)/dg> 420 lsep 7

[%( 1—F,) sin®@p+F; cos?O— I, c0s*6 cos26,
+.5; sin*6y sin®6, cos2¢+ S, sin20 sin20, cos¢
+.55 sin20¢ sind, cos¢+% A sin“0 cosl,

+.55 sin20 sind, singp+ S S1n20, sin20, sing
+5, sin*f sin*6,, sin2¢p |

‘P-wave’ => KTz~ from K °(892) +—— [F . sin” 6, > S-wave fraction
167

(spin-1)

‘S-wave’ => nonresonant K zn~, K n~
from spin-0 K™V ... +55,s1n20;smbgcosp

S-wave 1s a kind of “inseparable’ +S¢5 81n 0, 81n G coS ¢ . S-Pinterference

+S, sin® @, cos Oy

background
Contribution neglected in rare mode fit
(lack of sensitivity) + S5 sin 26, sin O sin ¢ |

+5S, sin 6, sin O sin ¢ terms
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