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Julien Cogan

Aix Marseille Univ, CNRS/IN2P3, CPPM

X1 meeting on B Physics, 1-3 October 2018, Marseille

1/23


https://indico.cern.ch/event/725682/

Introduction

Why rare B decays with 77

» Rare decays are good probes to search for physics beyond the SM

> Recent hints of LFU stressed the importance of the 3rd family
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Status of some relevant decay modes

Modes | SM prediction Exp.
BY— rtr- (2.2240.19) 1072 [y <1.6107% [3
B — 1 (7.73 £0.49) 1077 1] <5.2107% 3
BT — KTrtr~ (1.20 £ 0.12) 1077 p <2.3107%
BY— K7t~ (0.98 4 0.10) 1077 12 -
BY— r¥eF ) 5T - <28107° / <2.2107° [3
BY = rEeT ) 75T - -
Bt o ntrteT ) ntrt T - <75107° / < 7.2107° [
Bt — Ktr%eT ) KTt - <3.0107° / < 4.8107° [
BY— K*OTie;/ K*0r%,7 - -
[1] C. Bobeth et al., PRL 112,101801(2014) [3] LHCb, PRL 118,251802(2017)
[2] B. Capdevila et al., PRL 120,181802(2018) [4] BaBar, PRL 118,031802(2017)
(average over the neutral and charged modes) [5] BaBar, Phys.Rev.D77,091104(2008)

[6] BaBar, Phys.Rev.D86,012004(2012)
This talk:

Current searches for B{,, — 777, B{,)— 75 ¥ and B®— K*07F T at LHCb
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Some BSM predictions

Models proposed to explain the flavour anomalies
Very large enhancements may occur !

B. Capdevila et al., PRL 120, 181802 (2018)

O Ry &Ry 20
B Ryw&Rpy 10
B BBt

u BiB-K 1]
B Br[B-Kr]

O Br(B,»t1]

1.1 12 13 14 15
RxIRYM

A. Crivellin et al., JHEP09(2017)040

Br{B->K1u]x10°®

.
~04 -02 00 02 04 06 08 10
LogyolAy/Afz)

M. Bordone et al., arXiv:1805.09328

B(Bs—Tu) X 104
w & o
> » >

=
w

0.0 \
0.

00 0.02 0.04 0.06 0.08 0.10 0.12

4/23


https://arxiv.org/abs/1712.01919v1
https://arxiv.org/abs/1703.09226v3
https://arxiv.org/abs/1805.09328

Rare B decays with final state including 7

» Challenging search:
always at least a missing neutrino in the final state

» Tau decay modes

m one-prong decays
TT = e Vv B=~1T%
T = u Vv B=~17%
T = v B=~11%
TT = p v B=~22%

m three-prong decays
T a Tt v B=~ 9%
o r ata 1O, B=~ 5%

» BaBar & Belle (1) can constraint the kinematic of the decay using the information
of the other B and the centre of mass energy of the beam
Can use the one-prong decays, accessing ~ 70% of the 7 decays

» Not possible in hadron collider, even less with a forward detector
In LHCb: focus on the three-prong decays, allowing to reconstruct the 7 decay vertex
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LHCb Run 1 - published
PRL 118, 251802 (2017)
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https://arxiv.org/abs/1703.02508

B?S) — 777~ decay reconstruction

PRL 118, 251802 (2017)

» Imposing B, 7, v mass constraints, the 7's momenta can be computed analytically
— original method developed by J. Charles & A. Morda (A. Morda thesis)
m approximations in the resolution + detector resolution
— many events w/o real solutions
m intermediate quantities associated with the method
— used to discriminate signal from background


https://arxiv.org/abs/1703.02508
https://cds.cern.ch/record/2120795

B?S) — 777 classification and selection

PRL 118, 251802 (2017)

Exploit: 77 — aj (1260)vr — p(770)7 v, - 7~ 7
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» Signal region:

both 7in 5
» Control region:

one 7 in (4,5,8) and the other in (4,8)
» Background region:

at least one tau in (1,3,7,9)

> Isolation variables (track & composite, neutral, vertex)

» Multivariate classifier (NN) trained using the background region


https://arxiv.org/abs/1703.02508

B?S) — 7F77 fit strategy

PRL 118, 251802 (2017)

» 1-dimensional histogram fit to the output of a neural network

(flat output for signal between 0 and 1)

» signal templates from simulation (/\A/'Ss,,ﬁ and VSR

» background template from data control region (./\A/dcalfa)
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https://arxiv.org/abs/1703.02508

B?S) — 777~ fit model

PRL 118, 251802 (2017)

Events fraction in the 3 categories:

simulated signal | selected candidates (data)

Signal 16% 7%
Control 58% 47%
Background 13% 37%

Fit model:
SR (7SR CR <R {7CR
-/\/:iata =sX -/\/’sim + fb X (Mata —s5X - X /\/sim)

> s: signal yield (free)

> f,: background normalisation (free)

CR,ESR .

> € . signal efficiencies in the control and signal regions (from simulation)
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https://arxiv.org/abs/1703.02508

BY — 777 fit to data
PRL 118, 251802 (2017)

With background only model:
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» compatible with the background only hypothesis

Neural network output

— set an upper limit on B using B — DT D as a normalisation mode


https://arxiv.org/abs/1703.02508

B?s) — 777~ limits on branching fractions

PRL 118, 251802 (2017)

Two independent fits, one for B? and an other for B°
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https://arxiv.org/abs/1703.02508

B?S) — 77 prospects

» LHCb:
m Presented results are using only Run 1 data
B(Bg—> TH77)<6.8-1073@95% CL
B(B®— rt77) <2.1-1073@95% CL

m Adding the 77 — u~ v, v, mode:

— no significant improvement to the expected limit

m Future reaches (Physics case for an LHCb Upgrade II)
B(BY— 7t77) < 1.3-1073 after LHCb Upgrade |
B(Bé% 7t77) <5104 after LHCb Upgrade Il

> Belle I 5 ab™! (Belle 11 Physics book):

m B(BY—= 7t77) <8-10* with 5 ab™! @ 7(55)
m B(BY = 7t77) <1-10~* with 50 ab™! @ 7°(45)
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https://arxiv.org/abs/1808.08865
https://arxiv.org/abs/1808.10567

B?s) — 7T

LHCb Run 1 - on going analysis
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B?S) — 7T

on going analysis

> Easier than B?S) —7tr

m only one missing neutrino
m only 4 tracks
m the muon points to the B vertex

» Enough constraints to compute the B mass
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on going analysis

» B mass computed up to a 2-fold ambiguity (imposing the 7 mass)

» ~ 70 % of physical solution - less for background

> 1st solution gives largest separation between signal and background
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B?S) — 7T strategy
on going analysis

Main backgrounds:

> combinatorics

> partially reconstructed B decays
Backgrounds samples:

» same-sign candidates (7% %)
— selection optimisation

> simulation
— qualitative studies

m exclusive decays - non-exhaustive list
m inclusive b-samples - statistically limited

Backgrounds rejection:

» multivariate classifiers
including isolation variables

> dedicated cuts against peaking background (e.g. Bf,)— D, pw o) rtnat)
Signal yield extraction:

> Simultaneous fit to the mass distributions in categories with different signal over
background ratios




B

?S) — 7T prospects

> LHCb:

m On going analysis using only Run 1 data
m Subject of a thesis defended in September

m Expect (Physics case for an LHCb Upgrade I1)
B(Bg—> 7EuF) < few 1075 after Run 1&2
B(BY — 7 4uF) < few 1076 after LHCb Upgrade I

> Belle 11 5 ab™! (Belle 11 Physics book):
m B(B?— 7EuF) <1-1075 with 50 ab™!


https://arxiv.org/abs/1808.08865
https://arxiv.org/abs/1808.10567

BY— K*OTI/F

LHCb Run 1&2 - on going analysis
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B0 — K*07F,*

on going analysis

» Comparison with B{,) = 7=, F

m 6 tracks ! but:
m only one missing neutrino
m the B decay vertex is reconstructed



B? — K*07F ;i strategy

on going analysis

Simulated B® — K*°7F % decays

Mass reconstruction: - LG umofficia
> use the corrected mass: \/PZ + M2, + Pr — “
Background: ::
combinatorics + partially rec. B decays b
> suppressed using multivariate techniques "”‘
wE-
E

BDTAC
output

Signal yield extraction

» counting experiment 019
0.18

> background yield extracted from 2D control
regions: A = BC/D

BMCM
3 a5 47 5.7 [Gev/c]
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BY — K*07% ;T prospects

» LHCb:
m On going analysis using Run 1 data - updated soon with Run 2 7

m Subject of a thesis defended in September
m Expect (Physics case for an LHCb Upgrade I1)

B(BY — K*07%,F) < few 1076 (Run 1&2)

> Belle 11 5 ab™? (Belle 11 Physics book):
m B(B?— 7EuF) <1-1075 with 50 ab™!
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https://arxiv.org/abs/1808.08865
https://arxiv.org/abs/1808.10567

Conclusions

» Many models proposed to explain the flavour anomalies predicts large enhancements
for rate of rare B decays with 7 in the final state

The searches for Bl,) — 74T and B®— K*°7% 47T are well advanced

v

» Others are progressing (BT — K+ 17) or will start soon (B® — K*0777)

» Hope for more news in the near future ...



	B  0(s )   + - - LHCb Run 1 - published
	B  0(s )    - LHCb Run 1 - on going
	B  0  K *0   - LHCb Run 1&2 - on going

