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Introduction

The b - de” et decay is rare in the standard model BFgy (Bt —» mtete™)~ 1.8 X 1078, being

doubly Cabbibo suppressed, GIM suppressed, and having no tree level diagram. Decay not yet
observed, though there is an upper limit from Belle II.

BF(B* - mtete™) < 5.4 x 1078 [Belle Il, Moriond 2024]

Decay is a sensitive probe to interference from tree level NP (Indirect search).
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Previous Measurements

* A pattern of measurements of b — s ¥ transitions with consistent tensions to the SM.
e b — d¢fis more greatly supressed in the SM, thus sensitive to smaller NP effects.

*LHCb [ APRI13 # HKRI5 &8 FNAL/MILCI15
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Our Analysis
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We will report on the rare mode branching fraction BF(B* —» n*te®e™), discriminating between
this and the resonance processes by the dielectron mass g% = ( pe- + po+ )*.
Signal region includes High and Low g2, with the charmonium resonances used as control.

BF(B* - mtete™) esp(BT —» mrete™)
BF(B* - K*J /(- e*e™)) ecr( BT = K*J /(- e*eT))

Nsgr(B* —» m¥e*e™) = Ncr(B™ = K¥J/Y(> eTe7))
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LHCb Detector

VErtex

Si Modules
LOcator /

p (6.5 GeV)

Silicon modules close to the primary vertex allow precise reconstruction of B meson decay

vertex. B
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LHCb Detector

Bremsstrahlung Recovery
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ECAL

Brem (Bremsstrahlung) photons can be radiated when electrons interact with detector.
Degrades m(B*) & p,, resolution:

* May not reconstruct photon / soft photon.

* (Calo resolution poorer than tracking.




Signal Reconstruction

Extract signal branching fraction by fitting to

N invariant mass of the B-candidate.
B R - |
Model physical component shapes and

background expectations using calibrated MC.

+ Challenge of analysis is very rare signal process
coupled with abundant and diverse backgrounds

Signal
Candidate




Leakage
Background

Backgrounds — Charmonium Leakage

Bo>XJ/Y(—»ete)orB - XyY(2S)(—-ete)

Leakage from charmonium resonances when Brem
radiation is mis reconstructed.

We remove this by applying a veto on the
dielectron mass without Brem added.

Final expectation = 30% of SM signal.

Charmonium Leakage
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MisID
Candidate

Backgrounds — Kaon MisID

Background dueto BT » Ktete~

Requires the K™ is misidentified as =™, but the
background branching fraction is = 25 times
greater than signal, following

2
Vis

Vid
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We reduce this background by cutting tightly on
the pion candidates PID (particle identification)
requirements.

Final expectation = 10% of SM signal. .
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Double MisID
Background

Backgrounds — Electron MisID

Background due to B — (3+)hadrons

Requires mis-identifying the et & e~
candidates, but background branching fractions
~ 103 greater than signal.

Remove by applying harsh PID selections on the
et /e candidates.

Final expectation = 10% of SM signal, though
peaks under signal.

All these physical backgrounds are small
compared to Combinatorial ...




Combinatorial
Background

Backgrounds — Combinatorial

Combinatorial background is the major

et background in this analysis.

* Abundance of pions from pp collisions.
— * Poor electron reconstruction.

Reduced both by PID requirements, as well as
dedicated BDT.

BDT also effective at removing partially
reconstructed backgrounds:

B— hh(...)eTe”




Control & Validation

Normalisation | B* = K*J/y(—e*e™)
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Fit to the normalisation study
to extrapolate.

Ncr(B™ = K*J /(= eTe™))

Validation | B* = w*J/Y(—e*e™)
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Signal Region

Signal region

Low-g2 < > High-q*
For our fit to extract the branching fraction, we split our signal region into High & Low g?,
which are then fit simultaneously.

* Improves sensitivity as signal to background ratio more favourable in Low-g?.
e Different combinatorial models needed in each region ...




Signal Region — Combinatorial Model

Phase Space Sculpting | Mixed Sample
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 Observe a non-exponential combinatorial at High-g? due to phase-space cut-off.
* We use a phase-space model developed for the LHCb measurement of Ry at High-g*.
» Additional sculpting effects are then included to account for warping induced by selections.




Signal Region

Signal region

Low-g2 < > High-q*

No ‘ Has No ~ Has
Brem " Brem Brem Brem

We further separate our signal region data according to Brem category, HasBrem requiring at
least one of the e™ /e~ candidates to have an associated Brem photon, this:

* Improves sensitivity, the HasBrem region having a more favourable signal to background

ratio.
* Allows us to almost entirely exclude Double MisID from the HasBrem region, since pions

far less likely to radiate bremsstrahlung in the detector. .
16




Signal Region

Signal region

Low-g2 < High-g2
No ‘ ~ Has No _ Has
Brem " Brem Brem Brem
Low ‘ High Low ‘ High Low ‘ High Low ‘ High
BDT BDT BDT BDT BDT BDT BDT BDT

Finally, for each g2 / Brem region we included 2 bins in BDT (High & Low).

 Recovers some of the signal lost if just included high BDT region.
* Share combinatorial shape parameters between each pair of BDT regions.




Signal Region — Final Model
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* We have completed our final signal model, and validated the model using toys.
* A median significance of 2.5 o expected assuming the standard model.
* S here is the expectation number of signal events in that region.




Conclusion

Significance | Median 2.57 o
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Analysis is nearly complete, internal review commencing imminently

Will report BF(B™ —» tte*e™), including an upper limit and the likelihood.
Measurement will improve as more data is taken in Run3 & beyond.







Backup : Other b —» d u™u~ measurements at LHCb
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Backup : Operator related processes
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BF(B® - ptp™) < 2.6 x 10710
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Backup : Some b — sll
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Backup : Consistency of flavour anomalies
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Fig. 3 Comparison of the results of the global fits of the different collaborations in the Cg -Ofo plane. Note that assuming
LFU, the differences would be more pronounced and the significance for NP would be higher. We show the LF'V case anyway

because the data for comparison is available.

Combination of results [arXiv:2309.01311]
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Backup : Trigger

Trigger
L0 Electron €' '
-
Bt —Ar
PV

LO TiS

Require either:
* One of the electron candidates to trigger LHCb with

a sufficiently large cluster in the ECAL. ECAL
* Any trigger independent of the signal candidates.

Muon



Backup : Validation fits to unconstrained B-mass
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BDT>0.250
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Backup : Sculpting for high-qg2 Combinatorial (1)
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The BDT Sculpting is computed using a sample of mue data as a proxy for combinatorial,
where the efficiency is found from the ratio of pass BDT selection and fail, the data
corrected to better match BDT response of mee, and the final shape fit to a power law.



Backup : Sculpting for high-qg2 Combinatorial (2)
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Sculpting induced by cascade vetoes and the Ji(2S) veto. Shape found by generating a mixed
sample, where we create an artificial combinatorial event by picking each candidate (e*, e, ™)
from a different event in the data sample. We can compute for this “Mixed” sample kinematics
(B-mass, pT, ... ), and apply the vetoes.
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Backup : Sculpting for high-qg2 Combinatorial (2)
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Validate model on the BDT rejected sample
(combinatorial dominated).

Model has two parameters:

A models the underlying energy distribution of
the tracks.

e g2., modulates shape according to the
reduced phase space.



Backup : BDT

Combinatorial is the dominant background, and now train the BDT with all other selections pre-applied,
specifically PID and g requirements.

BDT inputs ( k-fold withk=5)
OB pr, Inxh, Inxy, x2y,DIRA, BDTigo( By = utu™ ), Axiersrtrack
& ) pr, Inxds

_ In )(IZP ,In XI%'D ) Xzz)v» DIRA, max(pr), min(pr), max(In XIZP)r min (In XIZP)

%

BDT used is trained with the combined sample of the
upper and lower mass sidebands as the background proxy,
and weighted signal MC as the signal proxy.

Signal efficiency

BDT_BothSidebands. ROC Integral = (.91
BDT_SameSign, ROC Integral = (L.987923
BDT_BothSidebands2, ROC Integral = 0.990109
BDT_SameS8ign2. ROC Integral = 0.921053
BDT_PartReco, ROC Integral = 0.943893

1\\IIlIIIIlI\\\‘Illll\lll‘\lllll_

T\\II|IIII|I\\\‘IIII'\III‘\III

L | L L L L ] L L L . .
0.90 0.95 1.00
Background rejection

o0
N




Backup : Efficiencies

For hadrons, wp;p histograms from PIDCalib
For electrons use histograms from R Fit&Count.

Extract using | Use TrackCalib ]
MCStatTools
— direc - Zsel--[WPID]-[WLO- WHLT]-[Wtrack
= e SR, Lo B ]
Zacc rec

4 )

Compute trigger weights using the TIS-TOS method.
Apply using Data MC comparison histograms /
curves

\_ )



https://gitlab.cern.ch/lhcb-datapkg/MCStatTools
https://gitlab.cern.ch/LHCb-RD/ewp-rkstz/-/tree/master/pidcorrections/fitandcount

Backup : Validation
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