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Why rare b — sll decays?

e FCNC sensitive to indirect effects of New Physics (NP) in loops
o branching fractions, angular distributions, etc.

e Access to much larger scales than direct searches
e Tests of couplings to 3rd generation b-quarks




Intriguing deviations in rare b — sll decays

Differential BR and angular distributions Lepton Flavour Universality tests
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Effective Hamiltonian

Model independent description in effective field theory [Buchalla et al.]. Complete

basis of 4-body operators contributing to different final states:



https://arxiv.org/abs/hep-ph/9512380

Lepton Universality tests

Leptons of different species couple identically to electroweak bosons in SM
— Lepton Flavour Universality (LFU)

Measure ratio of same b — sll process with muons and electrons in final state:

dl'(B—Hutp™) dq

s H = K", K%, KO, KO*
Ry = de‘(B—>He+e ) dg? KK K

Hadronic uncertainties cancel in ratio — very clean theory prediction
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Experimental setup
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https://cds.cern.ch/record/1129809

How do we measure LFU at LHCb?

In the SM:
_ BR(B—Hp p~)
Rp = BR(B—He'e ) 1
H = K*, K%, KO, K% ...
Experimentally:
N(B—Hu* u™) e(B—~He"e™)
Ry = — | X ~
N(B—He"e™) e(B—Hptp™)
from mass fit from MC and

calibration samples

Exploit the well tested LFU in J/y modes

__ BR(B—HJ/$(u"p))
TJ/W = BRB=HI /e e))

e asstringent cross-check
to build double ratio at LHCb — cancel
systematic effects

N(B—Hptp™) e(B—+HeTe™)
_ NB=HJ/Yputp)) e(B—~HJ/y(ete™))

RH o N(B—Hete™) X e(B—Hutp™)
N(B—HJ/y(ete™)) e(B—HJ/Yp(utu™))



b — sll with electrons at LHCb

Hardware trigger
Larger ECAL occupancy — tighter thresholds
for electrons than muons:

e ep,>2400(2700) MeV in 2016 (2012)
e up,>1800(1700) MeV in 2016 (2012)

[LHCb-PUB-2014-046, 2019 JINST 14 P04013]

Interaction with detector material
Electrons radiate much more Bremsstrahlung

Recovery procedure in place

ECAL

Magnet

e miss some photons and add fake ones
e ECAL resolution worse than tracking
— worse mass resolution for electron modes


https://cds.cern.ch/record/1970930?ln=en
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arxiv:2103.11769

RK with full LHCb data

Stringent cross-checks with B* — J/{ K" and B — {)(2S) K* decays
e shows that even absolute electron and muon efficiencies are understood
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constraint m(ll) to J/ mass — strong improvement of mass resolution
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RK with full LHCb data

Detailed study of systematic uncertainties:

Fit model 1%

Calibration sample size 1%

Trigger, PID and B kinematics calibration <0.1%

g distribution and resolution negligible

Effect of simulation corrections is small thanks to the double ratio:
e R I(+3x1)%
° RW: 20% .
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RK with full LHCb data

Measurement in 1.1 < g% < 6.0 GeV? with Run 1+2 datasets — x2 b decays
R, from simultaneous fit to B* — K'u"y” and B* — K*e"e” candidates
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Consistent with SM at 0.10% (3.10) — evidence for the breaking of LU in b — sll decays
s
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RK and RK* with neutral Kaons

Recent measurement of isospin partners B® — K° 'I"and B* —
[

K™ 1*I-
only explored by Belle/BaBar so far, more challenging at LHCb

e no unambiguous observation of electron modes by any experiment

Use full dataset and follow R, strategy, with some particularities:
e reconstruct K°. —m'mr and K™ — Ko’

0 Upstream track
e reconstruct K°_ from long and downstream tracks R
e still smaller yields due to long-lived K°

T

7
~  Long track

T track
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VELOtrack TS~
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See CERN seminar for further details
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https://indico.cern.ch/event/1065152/
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RK and RK* with neutral Kaons

Separate fits to BO and B* decays, simultaneous for muons and eIectrons
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RK and RK* with neutral Kaons

Separate fits to B® and B* decays, simultaneous for muons and electrons

Electron mode significance of
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Future prospects for LFU tests at LHCb
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https://cds.cern.ch/record/2636441

Summary & conclusions

Rare b — sll decays provide stringent tests of NP
Recent results hint at breaking of LFU in b — slI

See talk by D. van Dyk and
recent Anomaly WS for
interpretation of results

 arXiv:2103.117
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See talk by D. van Dyk and

Summary & CO“C[USionS recent Anomaly WS for

interpretation of results

Rare b — sll decays provide stringent tests of NP
Recent results hint at breaking of LFU in b — slI
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Stay tuned!
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LHCb hardware trigger for electrons

Larger ECAL occupancy — tighter thresholds for electrons:
e ep,>2700/2400 MeV in 2012/2016

e p;>1700/1800 MeV in 2012/2016
[LHCb-PUB-2014-046, 2019 JINST 14 P04013]

Mitigate including hadron trigger and events Triggered Independently of the Signal (TIS)

N
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http://arxiv.org/abs/arXiv:1812.10790

RK with full LHCb data

Cannot apply J/b mass constraint to rare mode — worse resolution — larger
backgrounds for electron mode. Dedicated vetoes to minimise them.
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RlIJ 25) cross-check

Stringent cross-checks with B* — J/{ K" and B — {)(2S) K* decays

R,p(gg) = 0.997 £ 0.011 (double-ratio)
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Constraint m(ll) to J/ or P(2S) mass — strong improvement of mass resolution
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RK: r o cross-checks
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