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» SM is Lepton Flavour Universal (LFU) ( )
SM (example) /70
» Test LFU in b — s¢*{~ transitions using: . v M A
> W e _
T dB(By— Xapt i) 4 o ¢
; dq® ! plb—+—+——=<—5
Rx = " 1+ 001%)" ap 4 o[
i dB(Bq—>XSe+e*)d 2
5 dq? q 7
D min
> With g2 = m(£+e-)? NE (example) o+

» Hadronic uncertainties cancel in ratio
= Rx can be precisely predicted in the SM
» Here X;: K+, K2, K*", pK, K*°

![Eur. Phys. J. C 76, 440 (2016)]
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» Low trigger thresholds (2012: pr > 1.5 GeV /c)
» Good p-resolution and identification (ID)
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€

magnetic field
—

Trigger Strategy LFU

» Increase data sample size by triggering on

Electron in signal candidate
Hadron in signal candidate

— Rest of event
» Using mutually exclusive combination

» Separate treatment of trigger and
bremstrahlung categories when needed
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» Higher trigger thresholds
(2012: Er > 3GeV)

» Bremsstrahlung emission dilutes

» Recovery not 100 % efficient
» ID more challenging
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» Experimentally Rx measured as double ratio of branching fractions:

R BBy Xeptp) BBy~ XoJ/b(ete))
YT B(By o X, J[(utur))  B(By— Xeete)

— Large majority of systematic uncertainties
cancel to first order

— LFU in J/v — €t¢~ decays established
at %o level [PDG]

tree-level

BS}(T‘];UM* b sce

B s 0t
flavio

dB (By — X,J,""(_)
dq?

» Blind analysis minimises experimenters bias

> Ratio experimentally determined using;: e
yields and efficiencies

— Luminosities, cross-sections, etc cancel
Calibrate efficiencies using control data J

» Validate procedure using resonant decays . \ . I
By — XgJ/(T07) and By — X p(28)(0T07) 2 [Gv¥el]
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» Validation using ratio of resonant branching fractions:
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— Probe electrons directly

> Single ratio of branching
fractions

versus muons

Limited cancellation of

systematics

= Stringent validation

> 7/ = 0.981 % 0.020
(stat. @ syst.)

\

B(By = X(25)(utp))

Ryas) =

B(By = Xs(2S)(ete))

—1
T/

Using Ri as example [Nat. Phys. 18, 277-282 (2022)]
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» Validation using ratio of resonant branching fractions:

B(By — XsJ/Y(utp))

"V B(B, = X d(ete))’

> Single ratio of branching
fractions
— Probe electrons directly
versus muons
Limited cancellation of
systematics
= Stringent validation

> 7/ = 0.981 % 0.020
(stat. @ syst.)

» Independent of kinematics
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[Nat. Phys. 18, 277-282 (2022)]
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» Validation using ratio of resonant branching fractions:

B(By — XsJ/Y(utp))

B(By = X(25)(utp))

— - : 7
IS BB, = X Tjuere)) O T B(B, S X.p@S)(ete)) I

» Double ratio of branching
fractions

Measured like Rx
Same cancellation of
systematics
= “Rehearsal” of Rx
> Rys) = 0.997 £0.011
(stat. @ syst.)

Using Ri as example [Nat. Phys. 18, 277-282 (2022)]
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» Decay: BY — K*0¢+/~ 25
» Two separate q2—regions: 2
— “low”-¢%:  [0.045,1.1] GeV?/c* 15
— “central”-¢*: [1.1, 6.0]CGeV?/c? 10

» Run 1 dataset (3fb™1)

Pulls Candidates per 34 MeV/c2

LHCb

------ B K %te

I Combinatorial
B- Xe'e

+ { 0.045<q?<1.1 [GeVZ |

&L}"OU\

» Only dedicated analysis in low-¢® so far
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> Working on unified analysis of Ry @ Ry [Nat. Phys. 18, 277 282 (2022)] R, [JHEP 05 (2020) 040]
d 9 Ryy [PRL 128, No. 19] Ry [JHEP 08 (2017) 055]
an RK*O Ry [PRL 128, No. 19]
. . gl
> Will pr0V1de final Run 1 and Run 2 [ LHCD private compilation ]
results L .
» Efforts lead to a deeper understanding 09F E
of the LFU measurements 0sf E
» This will be reflected in the results ok l ! E
» Work is high priority for the 06F T [ E
collaboration o ; ]
Rl .
» We appreciate your patience until the Y

results become available
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@ Ry [Nat. Phys. 18, 277 282 (2022)] @ R,k [JHEP 05 (2020) 040]
9 Ryy [PRL 128, No. 19] Ry [JHEP 08 (2017) 055]
. . Ry [PRL 128, No. 19]
» Brief rundown of the LFU tests in e 1. e
b — sft¢—-transitions at LHCD [ LHCD private compilation ]
] =
» Highlighted key differences of electrons at ; ]
muons at LHCb 09F E
» Discussed analysis strategy and validation 0.8 * *
» Intriguing tensions with the SM observed 0.7k l - E
» Measurements of Ri«o, R, Ry, Ry, Rirr, (J.G; ]. —
and more with full 9fb~! dataset ongoing . ]
05k ]
JZ\‘H‘m‘H\HH\HH\HH\HH\E
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» Expected sensitivities on the planned measurements

» Uses Run 1 measurements or muon branching fraction to extrapolate

Table: Expected sensitivity on Rx with different dataset sizes,
extrapolation from 2018 Physics Case [1808.08865].

Rx 9fb~ ' 50!

Rk 0043  0.017
Ry 0.052  0.020
R,  0.130  0.050
Ry 0.105  0.041
R, 0302 0.117
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» Single arm forward spectrometer

» Coverage: 2<n <5

» Designed for heavy flavour physics

Magnet

RICH2 Mg

EcarL HCAL
SPD/PS

[2008 JINST 3 S08005}

6 4 2 0
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» B mesons are longlived, 7 ~ O(ps)
» Impact Parameter (IP) resolution:
(15 + 29/p1[GeV])pm

EcAL HCA

SPD/PS e e p
Magnet ICH2 M1 ]\12 — g™ \
3
Momentum resolution:
) A
C AR o5 1%
, p
I
\ll | Il il
¥ 4 ESi
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» PID key figures:

T 50|

E 45

— o 97% (m = 1-3%) Eo:
K 95% (1 — K: 5%) 3%
e: 90% (h—e: 5%) B uf
2%

Magnet

Calorimetry

Muon chambers
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LHCDb Detector - Calorimetry BOLOGNA
» ECAL resolution: 1% + 10 %/+/E[GeV] T1-T3 ECA“L

» Bremsstrahlung recovery for electrons:

magnetic field
—
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ECAL M4 | Il
PD/PS M3 P
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\,\'m\\"‘\, e
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from TT

4

> Extrapolate search window
\ ] — From VeLo
v From TT
| Y » Add photons in search
window
[2008 JINST 3 S08005] z
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» Bremstrahlung categories based on number
of photons added to electron candidates:

~ “Brem-0": No v added to either e é 0.006 = © g o
“Brem-1": One v added to one of the e = - Combined
e 5=
— “Brem-2": Two or more 7 added to the e %0.005 grem‘?
E r Trem-
» Brem. fractions well modelled in sim. Z 000 F Brem-2
» Fit shapes are determined for each category :
0.003 |-
[JHEP 08 (2017) 055] :
= 60— — — L
S F LHoD o
8 SO B’-Ky = ieton 0-002 [
3 i
S w .
g 0.001 F
S b
5 : 1
s 0.000 R T
? 10 m(Xsete) [I\’Ie\//cz}
0
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» Overlap of Bt — KT¢*¢~ and BT — K*.J/¢ (£T¢7) samples:

2 | LHCb B - K'e'e
3 150 gmulation B - K
8 - B* - Jy(e'e)K*
g f B K
8
£
5 0577
%" 5000 10000 15000
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I
N

o
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o
>

- LHCb simulation

N

o
o

o
o N

a(l*, 1) [rad]

> [Nat. Phys. 18, 277-282 (2022)]
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» Particle identification and mass vetoes against physics backgrounds

» Boosted decision tree (based on kinematics) against combinatorial

> [Nat. Phys. 18, 277-282 (2022)]
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% Ry ¢ Bin Migration ggfggﬂﬁz

[Nat. Phys. 18, 277-282 (2022)]
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» Differential r;

Ry Differential 77/, Measurement
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,» measurements, lepton kinematics:
0O 11

O 110 r
o | LHCb = | LHCb
Rl o + [Nat. Phys. 18, 277-282 (2022)]
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Ry Branching Fractions

ICHEP 2022

% BOLOGNA
» Updated BT — KTeTe™ branching fraction measurement
» Electrons are found compatible with the SM prediction
[Nat. Phys. 18, 277-282 (2022)]
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» Statistical sources from measured yields for BT — K+T¢*¢~ and
Bt — KT J/¢ (£147) processes:

Performed unbinned extended maximum likelihood fit
Dominated by Bt — Ktete™ yield

Table: Extended Data Table 2: [Nat. Phys. 18, 277-282 (2022)]

Decay Mode Yield
Bt — KTete™ 1640 £70
BT - Ktutu~ 3850 + 70

Bt —» KT J/i(ete”) 743300 =900
Bt — Kt J/¢ (utp~) 2288500 + 1500

» Various sources of systematic uncertainties [Nat. Phys. 18, 277-282 (2022)]:
Biggest studied sources:
Fit model, using alternative shapes for the model (O(1 %))
— Simulation calibration sample size, taken into account using
multivariate gaussian constraints in fit (O(1 %))
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> Differential r;/, measurements [PRL 128, No. 19]:
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% Ry / Ric-+ Uncertainties ggfgggﬁz

» Statistical Sources from measured yields:

— Performed unbinned extended maximum likelihood fit
Dominated by uncertainty on B® — K3ete™/ BT — K** (Kg«‘*‘) ete”

Table: Yields Ryo: [PRL 128, No. 19] Table: Yields Rg«+: [PRL 128, No. 19]
Decay Mode Yield Decay Mode Yield
B® — Kdete™ 45 £10 BY — K*" (Kgn)eTe” 67 +13
B® = Koutp~ 155 +15 Bt — K*t (Kgn) pp 221 +£17
B® = K%J/i(ete”) 21080 =+ 170 BT — K** K%ﬂ) J/p(ete™) 14330 £ 170
B® = KOJ/y(utp~) 118750 = 360 BY — K™t (K&n) J/p(utp™) 75420 £ 290

» Various systematic uncertainty sources studied [PRL 128, No. 19]:

Simulation sample size (O(2 — 3 %))
— Fit model, shape determination (O(1 — 2 %))
Simulation calibration (< O(1%))
Residual background contamination,
B - D= (KYX)Y, BY —» D’ (K2rt X)Y) (< O(1%))
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% R,k Differential ry/, Measurement BOLOGNA
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Candidates p&r 13 MeV/c?

Candidates per 50 MeV/c?

% R, Mass Fits [JHEP 05 (2020) 040] I%*Egéﬁﬁz
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» Future opportunities: [JHEP 05 (2020) 040]

Dedicated analysis in split g regions
Study the rich m(pK) spectrum

= HKasier interpretability of the result
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R,k Uncertainties [JHEP 05 (2020) 040]
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» Statistical uncertainties from unbinned extended maximum likelihood fit:

N(Ay > pK eTe™) =122+ 17
N(Ay — pK~ptp~) = 444 + 23

» Systematic uncertainties (on R;;{):

N(Ap — pK~ J/p(ete™)) = 10180 + 140
N(Ay — pK~J/(utp™)) = 40980 + 220

Source Run 1 LOI Run 1 LOE Run 2 LOI Run 2 LOE | Correlated
Decay model - - - - 1.9
Efficiency corrections 34 3.6 3.6 3.2 -
Normalisation modes 3.7 3.7 3.5 2.7 -
¢ migration - - - - 2.0
Meorr Cut efficiency - - — - .5
Fit model — — — — 5.2
Total uncorrelated 5.0 5.2 5.0 4.2 -
Total correlated — — — - 5.9

FSP LHCD
Q

Erforschung von
Universum und Materie

Sebastian Schmitt


https://arxiv.org/abs/1912.08139

(W65 R0 Background Rejection ICHEP 2022

BOLOGNA
» Developed corrected mass meopr [JHEP 9% (2017) 055)
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[JHEP 08 (2017) 055]
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E

[JHEP 08 (2017) 055]
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[JHEP 08 (2017) 055
» Post-unblinding check background subtracted data and simulation agreement
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» Statistical uncertainties:

[JHEP 08 (2017) 055]

» Systematic sources:

ARy-o/Ryceo [%)

. 0 0 _ low-¢? central-¢?
Table: Yields for B — K*%¢T¢~ modes :
Trigger category LOE LOH LOI | LOE LOH LOI
BO —y g*0pt+p— Corrections to simulation | 2.5 4.8 3.9 | 22 42 34
+p— 0 %0 + -
e low  central B BT/ (077 Trigger 01 12 01|02 08 02
ut 2851%; 353t%% 274416tggz ‘ P-ID ‘ 02 04 03]02 1.0 0.5
ete™ (LOE) 55 irg 67 t%g 43468 t%g% Kinematic selection 21 21 21|21 21 21
ete™ (LOH) 13 t5 19 tg 3388 tg% Residual background - - 50 5.0 5.0
ete (LOT) 21 ©5 25 *I 11505 1% Mass fits 14 21 25|20 09 10
Bin migration 1.0 10 10| 16 16 1.6
T Tatio 1.6 14 17|07 21 0.7
Total 40 6.1 55|64 75 6.7
RWTH
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