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Lepton Flavour universality

¢ |n the Standard Model, couplings of the gauge bosons to charged
Leptons are Flavour Universal

» branching fractions of e, u and T differ only by phase space and helicity-

suppressions
et ut et ut et ut
A W 7!
7 S 9w _9_62/7_9/;’,
e LU, Ve, Vi, e , U,

® Some extensions of the SM predict new particles that could break
LFU (e.g. Z’, leptoquarks)

» any significant observation of LFU violation is a direct sing for New Physics.
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T@Stiﬂg LFU [PDG, PRD 98, 030001 (2018)]
T/ — ee/ T/ — pp .

T = WVl [Jt — eVl Gr/Gu ®

Thoroughly tested in the past:

[A. Pich, PPNP 75 (2014) 41]
o /—{f and W—Lv measurements  + — evwr/u — vt g:/9, »

: : W — v /W — uv | o
e Semileptonic decays of / '
W — v, /W — ev, e
1, Kand D mesons
W — ev./W — puv, —e—
O ' |
Leptonic decays Z s 11)7 — e L
e Quarkonia (J/p—ee, p) Z = up)Z — ee .
¢ B-meson decays ) R ¥ T ¥ AN ¥ [V 1R|05 ——T
r

» Flavour Changing Charged Current b—cfv decays (tree-level)

» Flavour Changing Neutral Current b—s££ transitions (loop-level)
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Flavour Changing Neutral Currents

FCNC are suppressed in the SM,

® only occur at loop level

® GIM suppressed

e [eft-handed chirality

but this iIs not necessarily true in a

New Physics scenario.

Study many different kinds of observables
(BR’s, angular observables and LFU test)
with different sensitivities to NF.
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b—sutu- branching fractions
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¢ Branching fractions consistently below the SM predictions at low g2 = [m(££)]

for several processes

e Considerable uncertainty in the SM prediction
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Angular observables

B0— K*0 :U+ L
" F T T T T n
- e LHCbdata © ATLAS data 1%YATLAS
EXPERIMENT
|1:f—l = Belledata © CMS data _
SH SM from DHMV -] |CMS
ET % ‘ —— SM from ASZB i

——

T
] 1I5 1
g* [GeV?/c4]

® (Give access to observables with reduced dependence on hadronic effects
[JHEP 1204 (2012) 104]

e | HCDb finds deviation from the SM prediction at the level of 3.40

LHCb [JHEP 02 (2016) 104], CMS [PLB 781 (2018) 517], ATLAS [JHEP 10 (2018) 047],
BaBar [PRD 93 (2016) 052015], Belle [PRL 103 (2009) 171801], CDF [PRL 108 (2012) 081807]
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Theoretical framework - Effective theory

Can describe these interactions in terms of an effective Hamiltonian that
describes the full theory at lower energies (U)
C;(u) = Wilson Coefficients
(perturbative, short-distance physics,

Heet ~ Z Ci(ﬂ)oi(,“) sensitive to E > )

O, = Local operators

(non-perturbative, long-distance physics,

sensitive to E < ) (+

C79.10 (1)
b Oro10

Contributions from NP will modify the measured value of the Wilson coefficients
present in the SM or introduce new operators
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Global fits to b—su+u~ observables

e Branching fractions and angular [S. Descotes-Genon et al. JHEP06 (2016) 092]
observables consistent R ... ]
|\ Angular Observables (P))
® Best fit prefers shifted vector coupling Co 2 _ A
(or Cy and axial-vector Cio) i

... could QCD effects mimic

vector-like NP contribution?

Ve

Z/y

7

[W. Altmannshofer et al. Phys. Rev. D96 (2017) 055008,

B. Capdevila et al. JHEP 01 (2018) 093, T. Hurth et al. Phys. Rev. D96 (2017) 095034,
G. DAmico et al. JHEP 09 (2017) 010, L.-S. Geng et al. Phys. Rev. D96 (2017) 093006,
M. Ciuchini et al. Eur. Phys. J. C77 (2017) 688,

S. Jager and J. Martin Camalich, Phys. Rev. D93 (2016) 014028 and many others]
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Lepton Flavour universality in b—s£#

Ratios of muons/electrons are

extremely well predicted in the SM R BR(BY - Ktputpu~) SM .
K p— p—

»  Hadronic uncertainties of O(10-4) [JHEP 07 (2007) 040] B R(B T = Ktete )

»  QED uncertainties can be O(10-2) [F7JC 76 (2016) 8,440]

Any statistically significant deviation from 1 is a sign of New Physics

BT — Ktete B — K*Ogte
x 20T 2.0 [
sk | | | e L :_ per bin
10:_ __________ _______________________ { ____________________ L 1.0 [ — . S — j} ...................................
}—I ! i [ | L__ | )
B = BaBar 0.5
0.57 . s Belle - ® LHCh A Belle
i v LHCbRun ] - LHCD W BaBar Vv Belle2019
00_....|....|....|....I... O.OIIIIIIIIIIIIIIIIIII
0 5 10 15 20 0 0 10 Lo 20
¢ [GeV?/ 4] ¢* [GeV?/c!]
[LHCb, PRL 113 (2014) 151601] [BaBar, PRD 86 (2012) 032012] [Belle, PRL 103 (2009) 171801]
[LHCb, JHEP 08 (2017) 055] [Belle, arXiv:1904.02440]
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2
New measurement of Rk g

[PRL 122 (2019) 191801]

® |n total, this update uses ~twice as many B’s
as previous analysis. Bt — K+J/¢(1‘s>(z+£—)
> Re-optimised analysis of Run1 data (3fb-1) BT — KT(28)(0+7)
> Added 2015 & 2016 datasets from Run2 (2fb-1)

® Details of the analysis: T
. BT — KT/t0~ LJ
» Electrons and muons behave very differently
in the LHCb detector due to larger K/\/\
Bremsstrahlung radiation for the electrons [4m(0)?] —
» Worse mass and g2 resolution 1 _417;_0] GeV/2/c4

» Lower reconstruction efficiency

» Measurement performed as a double ratio between rare and resonant modes to
cancel most systematics

B(BT — KTutu™) B(BT — KTete™)

"K = BB o K (uta))/ BB+ = K+ Jjd(ete))
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A
Rk systematics & cross-checks i

[PRL 122 (2019) 191801]

e Efficiencies computed using simulation carefully calibrated 1y, rare / resonant
using control channels selected from data E m LHCb
o 0.25p \Q;\g\\% simulation
» B+ kinematics, particle-ID, trigger efficiency... N 0.20F \\“\ 16
3 C
» Small systematic associated due to good cancellation in double ratio 0.15} x\\\
* Numerous cross-checks to ensure good understanding of the 0-10F s
efficiencies, e.g. check 003
L T
_ B(BT = KTJ/Y(uTuT)) log (max(p(l*), p(l)))
Fajp = =1 g p
v B(BY — KTJ/y(ete))
rjp = 1.014 £ 0.035 (stat + syst) Z,,[ LHCb
® Checked that efficiencies are understood in all kinematic 5 1_0:+ ....... + ........ 1 ﬂ’ ........ ++++ ......... ++
regions = ryy is flat for all variables examined ' + + T +
. 09
e Cross-checks done independently for Run 1 and Run 2 o
samples and excellent agreement found ' max((I"), p() x ", 1) bin number
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e

Rk simultaneous fit

[PRL 122 (2019) 191801]

Partially reconstructed background,

mainly BO—K0g+e- Leakage from B—K J/Y(ee)
constraint from the fit to
the resonant mode

Expectation from
observed B+—K+ete~ yield & Rk=1

I LHCb

& 350 F
L : LHCb
% 300 - —— Data —— Data
= S50 —— Total fit >\ —— Total fit
= o Total R, =1 S BN i e Total R, =1
S 200 F e B"™— K u*tu- Z YER Tl e B"™— K"e*e™
% 150 - Combinatorial § B Part. Reco.
% : 5 10l B B — J/ ylete)K?
S - S Combinatorial
= 100 =

n <
U 50 [ U 20 7

6000
m(K*ete™) [MeV/c?]

5400 5500 5600
m(K u*u-) [MeV/c2

Different signal shape between

muons and electrons:

- worse mass resolution (recovered )

- longer radiative tail (more Bremsstrahlung)
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e

New Rk result

[PRL 122 (2019) 191801]

« 207
< L LHCH Using 2011-2012 data
15F | Rk = 0.745 79074 (stat) 4= 0.036 (syst)
T | compatible with the SM expectation at 2.6 o.
1.0 T --------------------
1t
B = BaBar
0.5 B 1 A Belle
- v LHCb Run 1
O.O_....I....I....I....I...
0 5 10 15 20
q? [GeV?/c*
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éilgcb

[PRL 122 (2019) 191801]

New Rk result

<« 20
~ | LHCb Using 2011-2012 data
15F Rk = 0.745 79074 (stat) 4= 0.036 (syst)
| compatible with the SM expectation at 2.6 o.
1.0 T -------------------------------------
[ } |
i . Reanalysing 2011-2012 data and adding
0.5 s Belle 2015 and 2016
! e LHCb Run 1 + 2015 + 2016
_ 0.060 0.014
0.0, : L L m Rk = 0.846 T¢ 02, (stat) 7o ore (syst)
g2 [GeV?/c#

compatible with the SM expectation at 2.5 o.

® Systematic is small due to good cancellation in double ratio
» Uncertainty on the fit shape

» Calibration of B+ kinematics and trigger efficiencies
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Impact on Glob

al Fits

|—— Rk & Rg- /[
b — supu flayio 0.0 flavio
1.59 —— global

1.0 A

bspup
10

0.5 4

0.0

[ ¥E¥01L°€06 L:AIXIe “[e 12 J8ydsIgay [ ]

_0.5 7 /’/ \\ — RK & RK*
/ AN 1.9 b— sup
/ AN —— global
/ \ g
—-1.5 -1.0 —0.5 0.0 0.5 —-1.5 —1.0 —-0.5 0.0 0.5
bspp univ.

e Best fit point still in tension with the SM
e \Norse compatibility between Rk (Rk+) & b—suu observables
® Muonic NP: Best fit closer to the SM, Cy=-Cy still preferred

e Adding LF universal NP: Slight preference for universal shift in Cy

[ M. Alguero et al., arXiv:1903.09578, A. K. Alok et al., arXiv:1903.09617,
M. Ciuchini et al., arXiv:1903.09632, Guido D’Amico et al., arXiv:1704.05438, and more ]
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e

LFU in charged currents: R(D”) ratio

e \/ery clean observables in the SM —
B(BY — D* 71"
R(D*) = ( T vr) sm 0.258 + 0.005 b

o 0 *—
B(BY = D*~pu*uy) [HFLAV average]

\
WJ\F\ A

e Challenging for LHCb due to the presence of
Vi Ur

multiple neutrinos

e Two LHCb measurements in Runi (2011+2012)

using different reconstructions of the T decay

» T=UW  [LHCb, PRL 115 (2015) 111803 ]

» To3M(MO)V: [ LHCb, PRL 120 (2018) 171802 | """""""""""""""""""""""""""""""""""" )
[ LHCb, PRD 97 (2018) 072013 |

e Also LFU test in Bc—=J/yp £ v decays, R(J/Y)
[ LHCb, PRL 120 (2018) 121801]

See A. Romero’s talk for more details
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R(D*) and R(D*) combination

Combining with results from the B-factories:

— Global tension with the SM prediction of 3.08c

LHCP 2019

0.25

0.2

 BaBar, PRL 109,101802 (2012)]
LHCb, PRL 115 (2015) 111803 ]
 Belle, PRD 92 (2015) 072014 ]
 Belle, PRL 118 (2017) 211801 ]

' LHCb, PRL 120 (2018) 171802 ]
 Belle, arXiv:1904.08794v2 (2019) ]

17

~— [ HFLAV average sz = 1.0 contours
_ LHCbI5 i
C BaBarl2 i
L 3G oo . __
C LHCb18 ]
. \'I'\Be}le-l,c) ___________ ~ Bellel5 N
~ Bellel7 i
— + Average of SM predictions m
- R(D) =0.299 = 0.003 Spring 2019 |
B R(D*) =0.258 +0.005 P(Xz) =27% .
I | L N B
0.2 0.3 04 0.5
R(D)
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Link to Lepton Flavour Violation

e Attempts to explain tensions in FCCC v Bxcluded at 0% CL {107
and FCNC simultaneously, usually w0 jo
point to enhancements in LFV N oo T

S 12
processes (B—£4’, B~KoL’,.. ) = oo
_[ C. Cornella et al., :
» e.g. vector lepto-quark contributing at el

1077 1078 1077

tree-level to R(D*) and at loop-level to Rk B(r — 17
® New searches for B)— 1 with LHCb Run1 data

Mode Limit 90% CL 95% CL First limit
B°— %% | Observed | 3.4 x 1075 | 4.2 x 10-? 4~ in the Bs mode

Expected | 3.9 x 10-5 | 4.7 x 10-5
B%— 74T | Observed | 1.2 x 107° | 1.4 x 107 -

Expected | 1.6 x 107 | 1.9 x 107
See V. Bellee’s talk for more details
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Prospects on LFU tests

ﬁﬁﬁ@ e | HCDb full Run 2 dataset ~ 4 times
number of B’s available in RunT
» Updates of Rk and Rk , and many
other LFU ratios: Ry, Rok, R(D), R(/\¢)...

LHCDb Integrated Recorded Luminosity in pp, 2010-2018

2018 (6.5 TeV): 2.19 /fb 5 5
2017 (6.5+2.51 ToV}: 1.71 b + 0.10. M .................................. 20182012
2016 (6.5 TeV): 1.67 /fb :

2015 (6.5 TeV): 0.33 /fb : H o
2012 (4.0 TeV): 2.08 /fb B8N sl 201‘
2011 (3.5 TeV): 1.11 /fb :
2010 (3.5 TeV): 0.04 /b

D
|..;,|..I..}..;,{,,I..}.,;.{..I..;..H..I..[,;..].,I..H..|,.|,.;.{..|..I..;,I

» Angular analysis of b—s££ transitions

(&/Iar May Jul Sep Nov

Month of year

Integrated Recorded Luminosity (1/fb)
o

also underway

CMS
e CMS has collected a sample of 1019 B decays

» With an effective low pr electron reconstruction, should get a very
competitive number of e.g. B+—=K+et+e~ signal candidates

» Expect systematics will be very different to those at LHCb
e.g. no trigger effect and very different material distribution

@ATLAS e ATLAS pursuing a similar strategy

EXPERIMENT | | | (D
e Belle |l starting data-taking this year

Belle IT
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[ CERN-LHCC-2011-001 ]

Further into the future

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031

LHC Run3 53
HL-LHC 53 un 4 s DEE o
% Upgradela Upgrade It [ Upgr%de I P

Ju—
N7

e | HCb is in the process of upgrading to a new detector

» will operate at much higher luminosity with improved efficiency
(make all trigger decisions in software)

» Will accumulate 50 fb-1 of data

e A second phase of the Upgrade in LS4 is also planned to profit from even higher
luminosities at the HL-LHC (increase data sample up to 300 fb-! for LHCb)
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LFU with upgrade datasets

[LHCb-PUB-2018-009]

LPiCb Upgrade III R i’(lﬁg I
. ] . CoNP=-1.4 -~ KL
e Access to different LFU ratios with — & 04
LHCb Upgrade II -
excellent precision: allow to Crott=—CofF=0.7__
. . . . LHCb Upgrade 11 T
distinguish between different NP Cs=Cu = 0.3 -
I LHCb Upgrade II -~
scenarios LHCH Uperade Il )
» Need to drive systematics in electrons LHCb Run |
down to ~ 1% 04 06 08 1 12
RX
e | FU tests with angular observables e S ]
1.0 | | ﬂ
» €.9. Qs = P’5(u) — P’s(e) S —t
0.5 T b ? |
® | arge benefits for R(Hc) ratios, . ——
O e S ,
specially with Bs, /\b and Bc hadrons | =)
» complementary sensitivity to NP _105_ " G
0w [arXiv:1612.05014] |
- [ NP Example . . 1
» Interplay between LHCb and Belle | e =a—
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Summary

» Lepton Flavour Universality tests are theoretically pristine probes for New
PhysSICS

» Intriguing anomalies found in LFU tests using B-meson decays
» tree-level b—cfv decays
» loop-level b—s£2 decays - pointing in the same direction as other
b—spu tensions
» Latest measurements yet to provide a definitive picture

» Upcoming measurements with full Run 2 statistics will help to resolve the
current situation

» Ongoing and future experiment upgrades and the start-up of Belle Il, opens
the door to many improvements in precision, so interesting times are ahead!
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Full amplitude analyses of B2 K™ g£+£-

N LA T 3

St LHCD 3tb- :

> 250 ]

. —e— data rh N

- L 200F — to { E

We can extract NP-sensitive E e short-distance ¥ -
. . < 150 F resonances -

observables and information I s interference ]
. . » background N

on hadronic nuisances from OF il A W

the same fit to the data

e Full amplitude analysis of
BoK+0+0-

-

broad charmonium contributions

[LoL 22 (2102) 2rd3l

e \\Nork ongoing to extend this to BO—=»K00+¢-

» Several approaches proposed

HI

------------------------------- D

1 1 1 I 1 1 1 1 l 1 1 ..:L; 1 I 1 1 :
2000 3000 4000

mics, [MeV/c?]

[Hurth et al, JHEP11(2017)176], [Chrzaszcz et al, 1805.06378], [Blake et al, EPJC(2018)78:453]
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Angular analyses prospects

[ LHCb-PUB-2018-009 ]

e Parameterise and fit for form-factors together with effective

couplings (Wilson coefficients) in a g2-unbinned approach

B SM
B scenario Il
B scenario |

1.00
0.75
0.50

BN SM
Upgrade | B scenario I1
300fb-1 B scenario |
! ] ] ] ] ]
2 4 6 8 10 12
q* [GeV?]
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The LHCD

CorLisioNns ~12 MHz

VISIBLE
@ 40 Miiz INTERACTIONS

(2012)
VERTEX DETECTOR

reconstruct vertices
decay time resolution: 46 fs
IP reconstruction: 20 um

RICH DETECTORS —

detector

e TWO-LEVEL TRIGGER:
— TRACKING SYSTEM - LO hardware (12 — 1 MHz)

momentum resolution - HLT software ( 1 — 0.005 MHz)

Aplp = 0.4% —0.6% SRS Very good g(n)
Good &(h)

DIPOLE MAGNET

4Tm
normal conducting

switchos MUON SYSTEM

CALORIMETERS

K/mr/p separation

energy measurement
particle identification

LHCP 2019
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LHCb Upgrade and beyond

Observable Current LHCb Run 3 (29 fb-1) Upgrade 11
EW Penguins
Rk (1 < ¢® <6GeV3c?) 0.1 [274] 0.025 0.007
Ry (1 < ¢® < 6GeV3e?h) 0.1 [275] 0.031 0.008
Ry, Ryk, Ry ~0.08,0.06, 0.18 0.02, 0.02, 0.05
CKM tests
v, with BY — DY K~ (*33)° [136] 4° 1°
7, all modes (*29)° [167] 1.5° 0.35°
sin 23, with B — J/yK? 0.04 [606] 0.011 0.003
¢s, with BY — J /¢ 49 mrad [44] 14 mrad 4 mrad
¢s, with BY — DD 170 mrad [49] 35 mrad 9 mrad
555 with BY — ¢¢ 154 mrad [94] 39 mrad 11 mrad
a¥ 33 x 1074 [211] 10 x 1074 3x 1071
[Vas|/|Ven| 6% [201] 3% 1%
B, Bt~
B(B" = putu~)/B(BY — ptp) 90% [264] 34% 10%
TBO syt - 22% [264] 8% 2%
Sy - - 0.2
b— ¢~y LUV studies
R(D*) 0.026 [215,217] 0.0072 0.002
R(J/1) 0.24 [220] 0.071 0.02
Charm
AAcp(KK — 7m) 8.5 x 1071 [610] 1.7 x 1074 3.0 x 1079
Ar (=~ zsin @) 2.8 x 1071 [240] 4.3 x 1075 1.0 x 107°
rsin¢ from D — K+n~ 13 x 10~ [228] 32 x 1074 8.0 x 1075

x sin ¢ from multibody decays

(K3m) 4.0 x 107

(K3m) 8.0 x 107

[ LHCb-PUB-2018-009 ]

Gains in precision many

critical observables are

expected

LHCP 2019
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Fit window for B+t K+ete- by

[PRL 122 (2019) 191801]

~
= LHCb
S . .
~ simulation
% 10
. . 70} *
Remaining backgrounds: QO B—K'ee
S
. . o B*— K *ete
e Combinatorial 2= ’
[ B+—>K;*e+e‘
- <
® B+ — K+J/2/J(€+€ ) @) 5 -B+—>K+J/lp(—>e+e‘)
. -B—»Ht.(—>J/¢/;X)K*
® Partially reconstructed or B—J/y H (= K"Y)
B — KX ¢/ decays B
|

O...l.:..l...l..- ‘
4600 4800 5000 5200 5400 5600

m(K e*e’ ) [MeV/c?]

Choose the m(K e e™) window so that the contribution from partially
reconstructed decays is dominated by B” — K*ete™,

— Included the contribution from B — K**e*e™ decays, K** = {K1, K;O(+)},
as a systematic

B(B— K¢ e )=BB"— K e e ) -B(B— K™J/)/B(BT — K*°J/)
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e

[PRL 122 (2019) 191801]

Electron reconstruction (l)

® Electrons lose a large fraction of their energy through
Bremsstrahlung radiation
» Bremsstrahlung recovery: Look for photon clusters in the

calorimeter (ET > 75 MeV) compatible with electron direction before
magnet Magnet ECAL

E,

Upstream -7 Downstream
brem - brem

Air E2
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e

Electron reconstruction (lI)

[PRL 122 (2019) 191801]

e After Brem. recovery, still worse momentum/mass resolution
for electrons

— 25 310° T 257 e = 10°
< | LHCb : RS PN
> - - i > = Fhol! '_ 4 '-:.:::'._. * .-
(QD) 20 — - _E 104 (QD) 20 - ; any '.'._: . 104
s : o :
15 or: lode e = 10° 15§ 10°
1) [———— . 102 10 102
5 10 5 10
|
0 ' 1 Q=== 1

50 5.2 54 5.6 5.8 6.0
m(K u*u) [GV/c?]

4.

6 #3 50 52 54 56 58 60
4 m(K ete™) [GeV/c?]

™ Signal regions
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e

Electron reconstruction (ll)

[PRL 122 (2019) 191801]

e \Very different trigger signatures: Lower trigger efficiency for

electrons

| LO Electron
Muon Stations |0 Hadron
LO TIS

Muon Stations
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Cross-check 2: 7/, as a function of kinematics

Check that efficiencies are understood in all kinematic regions — 15/, is flat for

all variables examined
— e.g. given expected min(pr (¢7), p7r(£7)) spectra, bias expected on Ry if deviations

are genuine rather than fluctuations is 0.1%

Candidates / (a. u.)

10

LLHCDb simulation

— B"—=J/y(e*e )K"
— B "= J/y(u'u )K"

0.95

0.90 —

0.1 0.2

| .0.3. - l0.4. - .0.5
dilepton opening angle [rad]

[PRL 122 (2019) 191801

Candidates / (a. u.)

LHCb simulation
e Bt K‘*(ﬁe—
....B+_,K+‘u+‘u—
—B*—= J/y(e*e )K"
e, =B = J/y(u )K"

095

0.90 L—

PR SR (SN SRR SR SR SN (NN ST S SN S S S SN S
2000 3000 4000 5000

1000
min(p, (1), p.(I") [MeV/c]

e

LHCP 2019
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Cross-check 4 & 5 %

[PRL 122 (2019) 191801]
e Measurement of the double ratio

ho o _ BB = KTp2S)(utp)) [/B(BT = K(2S)(ee))
VRS T UB(BY = KT /y(ut ) / B(BT — K+J/¢(eter))

Result well compatible with unity:

Ry2s) = 0.986 £ 0.013 (stat + syst)

— Good compatibility found separately for Run 1 and Run 2 datasets,
and in all trigger categories.

e Checked that the B(B™ — K™ u~) is compatible with previous
determination [LHCb JHEPO06 (2014) 133], but less precise owing to the
selection being optimised for Ry .

—  Good compatibility between the measurements in the Run 1 and
Run 2 samples is also found.

LHCP 2019 33 P. Alvarez Cartelle (ICL)



HCD
Rk result likiay

[PRL 122 (2019) 191801]

M 2.0_
“ [ LHCb
Reanalysing 2011-2012 and adding 2015 and 2016: 151
Ry = 0.846 T0-9°0 (stat) T9-91¢ (syst) N S S I
| | [ —4— I
compatible with the SM expectation at 2.5 o. osk * Baba
- e LHCb Run 1 + 2015 + 2016
N

¢ Main systematics: 7 [GeV/cH]

» Uncertainty on the fit shape

» Calibration of B+ kinematics and trigger efficiencies

e |[f Run 1 and Run 2 samples were fitted separately

RiOdRUNL _ 0 745 +0.090 (grat) 4 0 036 (syst) Accounting for correlations:

—0.074
Ry Runl — 0,717 79923 (stat) 9017 (syst) » Previous Run 1 vs this Run 1 result < 10
Ri201> 12016 = 0.928 17097 (stat) T9 032 (syst)  » Run 1vs 2015+2016: 1.9 0
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HCD
BR(B+—=K+ete) at low g7 Liiay

[PRL 122 (2019) 191801]

Combining this measurement of Rk with BR(B+—K+u+u-) from [LHCb, JHEP 06 (2014) 133]
dB(BT — KTete™)

= (28.6 199 £1.4) x 1077 ¢*/ GeV?

2
dg 1.1<¢2<6.0
® Most precise measurement of this BR to date Bt — K*J//q’)(l‘S)(ﬁé)
A
e Systematic uncertainty dominated by BR(B+—K+ J/i) B* — Kp(28)(0+e7)

o BRB+—K+utu-) with new sample:

» Compatible with previous result [LHCb, JHEP 06 (2014) 133]

» Compatibility between Run 1 and Run 2 results

.
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