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Rare decays at LHCb

m Rare decays: suppressed in the Standard
Model (SM)
= Sensitive to BSM contributions

m Flavour Changing Neutral Currents (FCNC) ot
m Forbidden at tree-level LQ
m Further suppression due to e.g. helicity — ° 7~ ~_ s
m Probes higher mass scales than direct searches
s 0~
Lepton Helicty Electroweak
Strictly flavour suppresseji_ B penguins Semileptonic
forbidden violation By =1 b — slt(~ b — clv
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Theoretical description of FCNC decays

m Processes at many different energy scales

0.2GeV 4 GeV 80 GeV 1TeV — 100 TeV
AQCD Ap Aew Agsm
(non-perturbative) b mass W mass BSM scale

m Described by effective Hamiltonian

Herr = —"fg VioVia S ICH ()01 (1) + €, (1) O ()] + h.c.

i

Left handed Right handed

m O, (Operators): long distance, non-perturbative physics
m C; (Wilson coefficients): short distance, high energy physics
m BSM processes may modify these coefficients
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Tests of lepton flavour universality (LFU)

m SM: leptons couple equally to weak gauge bosons, well tested by LEP at tree level

m Now: Test of lepton flavour universality in loop processes

u,d

Y

u,d

2 + -
dB(B—H
Gmax AB(B—Hu™ 1 )dq2

RH — qviin dq2
G2 dB(B—>He+e*)d 2
omin dqg® q

m Ratio tests should only differ by phase space from unity

m Hadronic uncertainties cancel in the ratio: Theoretically very clean
. . B(B—=Xptp~ .
= This analysis: Ry = 552342 with X = K*0, K*
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LHCDb results
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Ri-0: Run 1 data (3fb™!) shows 2.4 — 2.50 tension with SM [JHEP08(2017)055]

Rk: Run 1, 2015, 2016 data (5fb~!) shows 2.5¢ tension with SM [PRL122(2019)191801]
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Choice of ¢° bins

Broad charmonium
resonances (above the
open charm threshold)

7

Photon pole
& enhancement (from C7)

Sensitivity to
Cy and Chy
—,

CKM suppressed
o light-quark resonances

phasepare ™\

Sensitive to C7-Cy .
suppression

interference

! ! !

%
kel
Align g? binning for R and Rx-o 5
m Low g2 threshold increased to [0.1,1.1] to reduce
uncertainty from v — ee pole
m Central g2 bin kept as [1.1,6.0]
= High g2 bin needs special care, considerably worse
separation of signal and background
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Very different signature of electrons and muons in the LHCb detector
Bremsstrahlung, Trigger, Tracking, ...

Backgrounds
Combinatorial, misidentifications, partially reconstructed

Tuning of simulation to properly describe data
JHEP 08 (2017) 055
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R(X) measurement strategy

m Analysis of the full LHCb dataset

m Simultaneous measurement of Ri-0 and Rk b c m
= Simulation corrections from resonant Bt and B° W c
modes enable cross-validations BY _

m Constrain cross feed in fits to data s }K*O
m Measurement as a double ratio with tree-level decays d > d

B — XJ/ip(— £1£7) as normalization channels

m Many systematic uncertainties cancel out

B(B— Xutu~) B(B— XJhp(— ete))
B(B = Xete )  B(B = X (= purp)

_ (wap—) (NXJ/wHeﬂf)) y <€Xe+e ) <€XJ/w<w+ﬂ>)
Nxere= ) \Nxgpp (=sptpm) Xt ) \ EXIp (—eter)

Mass fits Corrected simulation

Rx =
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Main cross-checks

= Measure the ratio of the branching fractions of the muon and electron resonant channels r

;BB = X (= ptuT)
I T BB = X (— ete))

m Compatibility with unity validates measurement

m In contrast to the ratio Rx no cancellation of experimental uncertainties: Extremely stringent
check

= Extent of cancellation of residual systematics is verified by measuring the ratio Ry as)

po BB Xy(25)(= pti))
V(29 7 B(B = X¢p(25)(— ete))
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Corrections to simulation

Example PID corrections

m PID corrections z
m Using high purity calibration data
m Constantly developing LHCb tools

m B kinematics and multiplicity
m Correcting with high statistics channels ) _
m Using BDT reweighting . a0’

. "0 002 004 006 008 01 012 014 0.6 018 0.2

m LO corrections P [Mevid

m TISTOS method uses data/simulation Example LO trigger corrections
ratios for corrections . K

m Corrections in trigger categories 2 s

m HLT corrections :

S

Iy
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m Good agreement with data found
m No corrections applied
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Selection

m Run 1 Rk-o result at central g2 had 5% systematic uncertainty due to residual background
— improved exclusive background vetos

m New MVA approach:
separate MVAs against combinatorial and partially
reconstructed backgrounds Combinatorial BDT RK MM Run 1

m Combinatorial background

= (train)
= (train)
* Stest)
B test)

m Signal proxy: rare mode signal simulation
m Background proxy: upper-mass sideband from data

m Partially reconstructed background

Arbitrary units
5

= Signal proxy: rare mode signal simulation
m Background proxy: non resonant BT — Krree w0
(Rk+0) and B® — K*Yee (R) simulation

m Separately for BY, BT, e, ee, and years
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Fits
Ry~0 MM LOL R1

T T
Data RKst-MM-jps-LOL-R1

[ comb
= Simultaneous fits to all: e wg iy
= Samples: BY, Bt, uu, and ee >
® g2 bins: low, central g
m LO categories
= Runs: Full LHCb dataset (2011-2018)
m But cross checks and measurement in 51052 53 s4 57 58 59 6

55 5.6
m (B°) with J/\p constraint [MeV/c?]
Rk+«0 EE LOL R1

T T T
+  Data RKst-EE-jps-LOL-R1

rare mode are done separately

m Gaussian constraints on data/simulation
shape-difference parameters from resonant
modes (ee only)

m Measure ratios directly by incorporating the
efficiencies in with Gaussian constraints (e.g.

g Ry(2s), Rk+o0, Rk)

Events/(4)

5 5.1 52 53 54 55 56 57 58 59 6
m (B”) with J/p constraint [MeV/c?]
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Summary and outlook

Test of Lepton flavour universality is a very stringent test of the Standard Model
Long awaited new results can shed light onto anomalies observed during the last years
Full LHCb dataset in the pipeline

Full simultaneous measurement of Ri«o and Rk

Integration of other decay modes in preparation

Status: currently integrating new simulation samples for 2017 and 2018

Analysis note will be circulated soon!
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