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Introduction

e [EW couplings of e/p/Tto gauge bosons are independent of their flavour.
o Lepton flavour universality

e b—sdecaysare heavily suppressed in the SM
o New physics easier to see

Penguin diagram Box diagram

Rycwo = B(BY — K*O i+ =) /B(BY — K*0 et e=)  ~ 1 (SM)



Penguin diagram?

Antistrange
Quark

Antistrange
Quark




Measurement strategy

e [nordertoreduce systematic uncertainties, measure the double ratio:

B(B’— K*u*tu™) / B(B’— K*ete™)
RK*O —

B(B°— K¥*Jh)(— utp~))/ B(B°— K*¥Jh)(— ete))
o Easier tocompare electrons to electrons, muons to muons

e ook atthefollowing decay chain:
o B KO =Kl
o Machine learning and simple cuts to suppress backgrounds
o Remaining background level small
e Measure R(K*) in two bins of m(I*) =g?
e Using 3 fb ! pp-collision data at CoM energies of 7 and 8 TeV collected with LHCb



LHCDb detector
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Challenges

ECAL

Electrons emit large amounts of
bremsstrahlung

Hard to associate photons to
electron if emitted before
magnet

Mass resolution of electron
modes much worse



Mass Fits

e Maximum likelihood fit to mass distributions to determine number of signal events

e Muons easy to measure precisely — clear narrow peak!
e \Wider mass window for electrons due to worse resolution
o Larger background contributions
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Cross checks and systematics

e T[estexperimental method by measuring

B(B°— K*Jhp(— ptp™))

_ — 1.043 & 0.006 + 0.045
"I T BB KO (— ete))

e Compatible with 1 — differences between electrons and muons well modelled

e Corrections are applied to simulation to make it look more like data
o Largest source of systematic uncertainty
o Ifnocorrections are made, the result changes by <5%



Results

2.1-2.50 from SM!
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Comparison with other experiments
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Other LFU tests

o R(K*)nottheonlyLFU test

e T/Mratios also showing discrepancies with SM
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BSM Physics

Among the hottest New Physics proposals:

b

)
a

B° K B°
d d d
Leptoquarks: Z prime:
Massive vector boson (broken U(1))

Simultaneously couples to lepton and quark
Scalar or vector

Can fit B anomalies
Flavor constrains couplings and masses!



Conclusions

e Most precise measurement of R(K*) to date

0.66 * §-o5 (stat) +0.03 (syst) for 0.045 < ¢ < 1.1 GeV?/c

e { 01 (stat) +0.05 (syst) for 1.1 < ¢ < 6.0 GeV?/c?
e |Intriguing deviation from LFU — ~30 combined!
e Possible indication of new physics

o Leptoquarks, Z prime?
e [ollow up measurement with run 2 data hotly anticipated!

o ~5times more datal

o More data allows even more precise test
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Event selection

BO candidate from SFOS lepton pair (ee or mm) and OS pair of K and pi
o  Require m(Kpi) within 2100 MeV of the known K*0O mass
CutonpT (K, pi) > 250 MeV, pT(mu) > 800 MeV and pT(el) > 500 MeV
Vertex quality requirements & reconstructed K*O and lepton pair from same vertex
Displaced vertex from the BO consistent with its direction of flight
Three trigger categories for ee events:
o LOE:electron from BO decay satisfies hardware trigger
o LOH: one hadron from K*O decay satisfies hardware trigger
o LOl triggered by event activity not from signal process
For the resonant decay require lepton pair within mass window around J/Psi mass
o 100 MeV for mumu events
o  Not possible for ee events due to large tails from bremsstrahlung
Neural network used to separate signal and combinatorial background
o Inputs: minimum and maximum pTs of the reconstructed particles, vertex quality, angles
between BO, K+pi- and lepon pair, quality of kinematic fit



Backgrounds

Well understood backgrounds

o BYSK OV (=I'I) decays, where Vis ap, w or @ meson
o residual effect very small and safely rejected
e Misreconstructed BY — K O J/y (— ptp) and B — K O w(25) (— p*p) decays
o invariant mass required to be outside of a 60 MeV interval around the known J/y or the y(2S)
masses

e Nonpeaking background from the B 5D I'v decay, withD™ — K Oy,
o suppressed by requiring | cos 0l < 0.8
e B — K'I"I'decays can pass the selection and populate the upper mass sideband region

o vetoed by requiring the invariant mass of the K'I"I” combination to be less than 5100 MeV
e Combinatorial background

o accidental association of particles produced by different b and ¢ hadron decays



Tuning of the simulation

MC simulations made using PYTHIA for events, EVTGEN for decays, and GEANT4 for detector.

Three steps for correcting the simulations: 4

1. Differences between simulation and data in PID

2. Adjust for the charged-track multiplicity in the event. A SIMULATION TOOLKIT
3. Correct the trigger response (tag and probe)

4. Account differences for using

BY 5 K= 1717)



Efficiencies

Epte—

ET/p(erer)

_ Noyyerer)

B+ -

No+p-

Bjype+e-)

Boiy- = B(BO — K*O€+€_)

Eg+o— /€J/1[1 (0+e0-)

low- ¢* central- ¢°
T 0.679 £ 0.009 | 0.584 £ 0.006
ete” (LOE) | 0.539 +£0.013 | 0.522 +0.010
ete™ (LOH) | 2.252 +0.098 | 1.627 + 0.066
ete” (LOI) | 0.789 4 0.029 | 0.595 + 0.020




J/psi mass fits
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Total signal yields

BY— K*0¢t(-
B — K*Jh)(— £107)
low—q2 central—q2
uwtp~ 985t | 358t 274416 T g5
ete” (LOE) | 55% 2| 67+ 10 43468 T 222
ete” (LOH)Y | 13* 19+ ¢ 3388 &
ete” (LOI) | 21+ 8| 25+ 7 11505 * 113




Systematic Uncertainties

Many potential sources of systematic el @

.. low-¢? central-¢*
uncertainties are canceled because of e E— T0E LoH Lol oE LoH Lol
dOUbIe ratio Rk*O' Corrections to simulation | 2.5 4.8 39| 22 42 34

Trigger 01 1.2¢ 0 | 0i2¢ 058 02

Largest systematics are: PID 02 04 03|02 1.0 05
Kinematic selection 25 240 24 | 24 28 26

v Corrections to simulation: Residual background = - - 150 5.0 5.0
_ For all q2 Mass fits 14 21 25|20 09 1.0

. Bin migration 1.0 1.0 1.0 ]| 16+ 16 1.6

v Residual background: ry Tatio 18 14 17|07 21 0F
- Only for central q* Total 40 61 55|64 75 6.7

Note: LOE => e from B° decay satisfying the hardware e” trg
LOH => hadron from K™ decay satisfying the hardware hadron trg
LOI => candidates triggered not associated with ay of signal decay particles



Other anomalies o
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