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DISCLAIMER

| will only cover b—sff modes containing electrons, and
therefore only part of the semileptonic anomalies

The rest has been covered by E. Smith just before

She will give more details on theory and

phenomenology, so | can focus on specitic experimental
aspects of dealing with electrons




See Eluned’s talk!

RARE SEMILEPTONIC B DECAYS

Rare FCNC only allowed at loop-level in the SM and thus

very sensitive to NP effects from new heavy particles
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WHY ELECTRONS?

Access the photon polarisation at very low g?

est lepton flavour universality comparing muon and
electron modes

Lepton tlavour violation (see Matteo Rama’s talk this
morning): B—2eu, B2 Xsey, ...



[JINST 3 (2008) SO8005]

THE LHCB EXPERIMENT
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http://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005/meta

THE LHCB EXP

[JINST 3 (2008) SO8005]

ERIMENT: TRACKING

Precise tracking

e
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Good momentum (Ap/p~0.4% at 5GeV) resolution
Good IP (20pm for high-pr tracks) and decay time (~45fs) resolution
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http://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005/meta

[JINST 3 (2008) SO8005]

THE LHCB EXPERIMENT: PID

Excellent particle identification
/K separation over 2-100 GeV (gxk~90% for ~5% m—K mis-id)
Powerful muon id (g,~97% for ~1-3% n—p mis-id)
: HCAL

Calorimeter system ECAL M4 M5
B trahl SPD/PS M3 250mrad

remsstrahlung recovery RICH2 ] M2
Trigger
Photon reconstruction .
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http://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005/meta

RECONSTRUCTING ELECTRONS
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RECONSTRUCTING ELECTRONS

Di-electron systems are split in three categories:
e O brem clusters recovered
e 1 brem cluster recovered (1 electron)

e >? brem clusters recovered (2 electrons)
|Each of the cases has ditferent mass shape (tail,
[resolution) and therefore need to be treated
separately
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TRIGGERING b—st?f

LHCb 2015 Trigger Diagram

40 MHz bunch crossing rate

~ <> >

LO Hardware Trigger : 1 MHz
readout, high Et/Pt sighatures

Partial event reconstruction, select
displaced tracks/vertices and dimuons

Buffer events to disk, perform online
detector calibration and alignment

Full offline-like event selection, mixture
of inclusive and exclusive triggers

12.5 kHz (0.6 GB/s) to storage

LO hardware trigger:
Muon: pr(u) > 1.8 GeV

Electron:
E-(ECAL) > 2.5-3 GeV

E-(HCAL) > 3.5-4 GeV
other B

Software trigger:

Inclusive selections: high-pr
displaced tracks, topological
selection of 2-,3- and 4-body B

decays.



TRIGGERING b—sf?

Large thresholds in
electron modes cause
loss of efficiency,
which is partially
recovered by using 3
categories, but this
requires to treat and
calibrate them
separately, adding

complexity

> > L+

12.5 kHz (0.6 GB/s) to storage

LO hardware trigger:
* Muon: pr(u) > 1.8 GeV

= Electron:
o EX(ECAL) > 2.5-3 GeV
o Er(HCAL) > 3.5-4 GeV
* other B

e

L

Software trigger:

" Inclusive selections: high-pr
displaced tracks, topological

selection of 2-,3- and 4-body B
decays.



[JHEP 04 (2015) 064]

B°—K*ee ANGULAR ANALYSIS

Study the very low g° region, [0.002, 1.120] GeV?,
sensititive to the photon pole at g°—0

= Access the photon polarisation with sensitivity comparable to
radiative b—sy transitions

Angular analysis with a simplitied model due to low
statistics (Run | only)
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Trigger and bremsstrahlung categories merged 10


http://dx.doi.org/10.1007/JHEP04(2015)064

LFU: R MEASUREMENTS

FU is tested measuring ratios of b—sff branching
fractions between muons and electrons

Bb— Xup~)

B(b— Xete)

hese are predicted to be 1 up to O(1%) (eric 76 2016) no.g) TOT
g°e[1.1, 6] GeV?, so they are excellent null tests of the SM

Rx =

In 2014, LHCb observed a tension in Rk with its Run |
dataset, which sparked the interest of the community in

these measurements
Ry = 0-745i8:8291 (stat) 4+ 0.036 (syst) [PrL113(2014 151601

11


http://dx.doi.org/10.1103/PhysRevLett.113.151601

[JHEP 08 (2017/) 055]

Rx STRATEGY

Measure Rx as a double ratio with the resonant modes

BB — K*ut ) B(BY — K*%¢Te™)
B(BY — K*0J/¢(— u+u—))/B(BO — K*0J/¢(— eTe™))

RK*O —

(this allows to reduce systematic uncertainties from
ditferences between electrons and muons)

Use corrected simulation for extracting most efficiencies

Electron modes are studied in categories of
bremsstrahlung and trigger
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http://dx.doi.org/10.1007/JHEP08(2017)055

[JHEP 08 (2017/) 055]

DATA/SIMULATION DIFFERENCES

Simulation is not perfect, need to correct to obtain correct
efficiencies

= Kinematic effects

= Hardware trigger response
= Reconstruction effects

= Particle identification

A large fraction of these effects are cancelled thanks to the double
ratio method, but differences between electrons and muons need

to be carefully corrected to avoid biases (especially trigger
response)

= Use data-driven methods and control modes

13


http://dx.doi.org/10.1007/JHEP08(2017)055

DATA/SIMULATION

[JHEP 08 (201/) 055]

DIFFERENCES
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= Use data-driven methods and control modes
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http://dx.doi.org/10.1007/JHEP08(2017)055

[JHEP 08 (2017/) 055]

CROSSCHECKS

The control of the absolute scale of efficiencies as a
function of kinematics is tested with the resonant modes
B(B” = K*J/y(= p"p7)) _

YT BBY = KT fu(— ete)) S

Extremely stringent test, as no cancellations occur

Further verification of the cancellations from the double
ratio is performed measuring Ryps)

Measure the BF of BY=K*uu and BY—=K*y(—ee)
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http://dx.doi.org/10.1007/JHEP08(2017)055

[JHEP 08 (2017/) 055]

MASS FITS: MUONS
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contributions thanks to the
very narrow mass peak
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Pulls Candidates per 10 MeV/c?

Pulls Candidates per 10 MeV/c?
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http://dx.doi.org/10.1007/JHEP08(2017)055

[JHEP 08 (2017/) 055]

MASS FITS: ELECTRONS

Merge Bremsstrahlung categories, long tail already in
resonant mode
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http://dx.doi.org/10.1007/JHEP08(2017)055

[JHEP 08 (201/) 055]

MASS FITS: ELECTRONS
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http://dx.doi.org/10.1007/JHEP08(2017)055

[JHEP 08 (201/) 055]

DEALING WITH LONG MASS TAIL

Use the event topology and assume the bremsstrahlung
photons don’t modity the dielectron direction to
calculate a corrected mass (meorr), Which can be used to
reduce the contamination from B—XK*ee decays

Primary
Vertex



http://dx.doi.org/10.1007/JHEP08(2017)055

[JHEP 08 (201/) 055]

DEALING WITH LONG MASS TAIL

Use the event topology and assume the bremsstrahlung
photons don’t modity the dielectron direction to
calculate a corrected mass (meorr), Which can be used to
reduce the contamination from B—XK*ee decays

Mo (K" e*e) [MeV/c?) m.,(K*me*te”) [MeV/c?
Not the true cut, just for illustration purposes
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http://dx.doi.org/10.1007/JHEP08(2017)055

[JHEP 08 (2017/) 055]

MASS FITS: ELECTRONS

Main backgrounds, modelled with histograms

= Partially reconstructed B decays

= |eak from JAP resonant mode for central-g*
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[JHEP 08 (2017/) 055]

COMPLEXITY FROM ELECTRONS

Calculation of Rkx requires combination of likelihoods for

each trigger category
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[JHEP 08 (2017/) 055]

Rex RESULT

g 2.1-2.30 2.4-2.50 :
T eeeeeeermenmncniiiiese i P |
m : AE = & = :
08F _ -
[ o I |
T ® LHChL
: BIP :
04 VY CDHMV
i B EOS -
0.2 ® flav.io ]
 LHCh $ flav.io®
OO IR T SN SN T WA AT N AT SN AT NN AN T AT N R S N

0 1 2 3 4 D 6

q° [Ge\/2 /c?

20


http://dx.doi.org/10.1007/JHEP08(2017)055

Rk RESULT

RK*()

2.0

1.5

1.0

0.5

0.0

[JHEP 08 (2017/) 055]

I T T 1 — T T T 1 ]
- [ -
mosm—— . OSSR SO EOTOTOOTINY _
! A _
5 ® LHCh
- B BaBar 4 I[PRD 86 (2012) 032012]
i LHCb A Belle 7 I[PRL103 (2009) 171801]
[ R B [ | N TR W S
10 15 20

20

¢ [GeV?/c]]


http://dx.doi.org/10.1007/JHEP08(2017)055

THE FUTURE OF LFU

Full battery ot Rx measurements ongoing, with similar
strategies to Rgx

- Updated Rk, Rk, R(p, RpK, R/\, Rks. ..

= Potential for NP observation at the end of Run |l

Measurement of LFU in angular distributions, especially in
BY— K*£ ¢

= Ps'(u) - Ps'(e) has reduced sensitivity to systematic effects of
electron reconstruction, connected to anomalies in muonic Ps'’
measurement

= First measurement done by Belle [arxiv:1612.05014)

21



THE FUTURE OF LFU
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= First measurement done by Belle [arxiv:1612.05014)
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CONCLUSIONS

Performing analyses with electrons at LHCb is a
challenging and nuanced task

Results using Run | data have had a large impact

Angular analysis of BY—=K*ee currently provides some of
the best constraints on photon polarisation

| FU tests have resulted in tensions that add to those
observed in b—spy, showing enormous potential to NP

= See E. Smith's talk for more details!
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STAY TUNED FOR EXCITING RESULTS!

- THANK YOU



