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. AACHEN
Motivation UNIVERSITY

- SM: Electroweak interaction couples in the same way to all charged
leptons
- Well tested in K and & decays (e.g. K— £v [JHEP 1302 (2013) 048])
- Flavor changing neutral currents (FCNC) b — s¢¢

- Forbidden in tree-level decays in the SM

- Loop diagrams heavily suppressed

- Highly sensitive to the presence of new heavy virtual particles
= Good probe for new physics
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Motivation for Ry UNl\Ii\llE\r({:EEIY\I

A precise test of LFU in the SM is the ratio

B(B— Hup) . 4+ %0
Ry = ————%, withH=K" K yoo Kim'm
" B(B— Hee)'WI K9,

Phys. Rev. D69 (2004 ',11'35\']

- The ratios Ry are expected to be close to unity in the SM [jHep 07

- Hadronic uncertainties cancel

d RK7r7r
B . - Ratio of branching fractions of
Y Bt — Ktntn— 00
b i, ¢t 5 Kt

- Control channel:
- BT — Ktnta~ (= €747)
St =m(ete)?
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Analysis strategy UNl\I]\é%'Iw

Perform double ratio

Re _ NK‘rr‘rruu NKﬂ-ﬂ-(j/a,b —ee)  EKmm(Jfih —pp) EKmmee
— . . .
Nwa(]/d) — ) Nkrree EKmm g €k (/3 —ee)
determined by fit to selected data calculated from corrected simulation
BT — Ktntw~ete™ data (Run 1) o Bt — Ktatn~put ™ data (Run1)
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m(K rrrree) [MeV/c?] m(Kxrp) [MeV/c?]

- Resolution in electron mode deteriorated by Bremsstrahlung
- Data from Run1: 2011-2012 (3fb™"), and Run2: 2015-2018 (6fb~")
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Selection

R Netmtr—ptu—  Nkmr(w sete—) Ker(fp optun—)  Sktatm—ete—
Krmw = i ° °
Knno—ptp—)  Nitatn—etem  Stntr—ptp—  Ken(p —ete—)
determined by fit to selected data calculated from corrected simulation
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L

- Fiducial cuts to exclude regions in which efficiency calculation are
difficult (p(), m(Kmr), ECAL regions)

- Require tracks of good quality

- PID variables are used to suppress mis-identified particles

ProbNN,(K)

Bt — Ktntn~Jap(— ete”) Run 1 data
statistically background subtracted
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Peaking backgrounds UNl\Ii\llE\r%II%IY\l

Background from physical processes
- Partially reconstructed decays
- Decays with one or two mis-identified particles

For example: Peaking background from B — K*7 "7~ /) decays

- Mis-identification of one hadron and one
lepton, e.g.
BYf = Ktnt, a (Jp—pt, pn)

- Vetoes on m(K*¢™), m(zx=¢F) with K* or
the #* reconstructed as muon or electron

[ LHCb unofficial In 1
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Multivariate analysis UN|\I}|IE\F({:§I|$IY\I

1.0 T T T
- Suppress combinatorial background [/ — gn;(;;c 0.9955)
. . o 0.8 LHCb unofficial 4

- Boosted Decision Tree (LightGBM) E
- Cross-validation (n = 10) g 0.6 o ' ' T
- Select input variables from set g odl 0.9F . 4

of well-simulated features by backward 2

elimination B 0.8 . L . )

0.00 0.02 0.04 0.06

- Separate BDTs for electron and muon L L L L

0.0 0.2 0.4 0.6 0.8 1.0
mode

false positive rate
Training data
- Signal: Bt — KTzt w~ ¢~ simulation (corrected)

- Background: Upper sideband B — KTz "7~ ¢" ¢~ data
Only combinatorial background, no significant contribution from physical background sources
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Corrections to simulation and

efficiencies
Net mt =t u— N te—) e
R o Ktetr—ptp K (Jfyp —eTe™) > K+tntx—ete—
- . . .
NK7r7r(]/1P~>u+,u7) Nt rt = ete— Cktrtr—ptp— kmr(lfip —ete—)
determined by fit to selected data calculated from corrected simulation
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Data-simulation agreement UN|\Ii\|lz\r({:§I|I%IY\l

Need to calculate accurate efficiencies
= Correct necessary distributions in simulation
Types of corrections to simulation

1. Correction of PID variables
. Tracking efficiency correction

. Reweighting of the K™ "7~ system

. Trigger efficiency corrections

2
3
4. Reweighting of B™ production kinematics and multiplicity
5
6. Residual reconstruction differences

7.

g’ resolution correction

= BT — KTnTx~Jip as proxy for signal in data/MC comparison
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Ul

Run 1 BY = K*ntn=(Jhp — eTe™)
T
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Tracking efficiency corrections UNI\I;\IIE\F({:EEIY\I

- Detector material not perfectly modeled g 250 7 <390 Non RF-Foil region
- Electron tracking efficiency controlled j§ T
using tag & probe method on data g% & o
- Channel: BT — KT (Jap — ete™) ol S ]
- Tag: electron and Kaon (long-tracks) S - Data 1
- Probe: other electron reconstructed in the 02¢ J +1Simujmi°n ]
VELO o SRS
- binned in pr, nand ¢ Sos T
- Correction tables provided by tracking and - 15* - ”“‘1‘64 ‘
alignment group [anv1900.02057v2 hep-ex] Py MeVic]
oF Probe

Tag
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Correct Kzror model in simulation UNI\I;\EAI(%:IS-lIw

Run 1 BT — Ktrtn=(Jhp — ptp™)
T

g‘ i 5 sweighteld data
Elsooj 10
® [
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Simulation generated using generic phase T f 10
space model r
) ) 500
Data-driven correction 1
! . . 500 1000 1500
1. Calculate efficiency maps from simulation m(K 1) [MeV/c]
2. Unfold data to account for efficiency
& I
3. Train BDT reweighter S Jgorrected sim.
8 1500+ 10°
= 4. Accurately reproduce Kz resonance Z
. T [
structure in data ié,looo_— 10
500-— 1
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Bt production kinematics and multiplicity

AACHEN
UNIVERSITY

- Weights are calculated on
BT — Ktntn~ b (— ptp~) after
pre-selection
- Minimize dependency on trigger category
- Train on aligned data and simulation
samples
- Prior trigger correction
- Observables
- pr(BT)
- n(B")
+ nTracks
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Trigger corrections UNl\I}IIE\ggl%IY\I

Trlggizr response not perfectly described in g 14r Lm0
simulation 2 [ —e— ECAL region=2
% 12 LHCb unofficial b
- Measure efficiencies on data and <§J l: Electron TOS 2016 ]

. . N R ———
simulation of the resonant channel O ]
[LHCb-PUB-2014-039 5 08 7

L 5 r ]

- Calculate ratios in bins 5 06F =
c . . .

. i i i B 10° 10* 10°
Apply as weight to simulation a8 max E,(&)

- Validated using more abundant 5 025 —T T T T

+ . P oo = b T
B *}j/'l/}K 0-20¢ = £ unweighted

. . . E +  reco 3
Residual reconstruction differences 015 _
; ; 0-10F LHCb unofficial 3
- Calculated on full selection, trigger - = unotncia
; 0.05F = Muon 2016 TOS 4
categories, electrons and muons -
. 0.00 Il Il 1 I
- Variables = - T T T
£ ot e IS
. X%p(B+) 5++ o '—f—‘ —
- X2 (BT)/ndof - 1 3 3 1
X%/Tx/ndof
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g2 correction UNI@@&EI%“

- Detector material not perfectly modeled (Bremstrahlung)

- Resolution of m(J/») differs between simulation and data, while q* cut
efficiency must be evaluated carefully

A nrfl Mo o
b | e N N it~

~ F . . . 1 o s0F . . . =
3 2ooof- LHC unofficial 201670 3§ % [ LHCbunofficial A 201670 ]
2 F Brem 1 = 0 Brem 1 1
iz 1500F- simulation o 5 0 -t data -
N i 8 A ]
< 1000 94 I - 4
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e .

50 B0 =
g - ee) Mevic]

=0

mJ/ ¢ — e'e) [MeV/c?]
- Fit simulation (double CB shape) in Bremstrahlung categories

- Fit data (float scale on width, shift on mean and yields)

- Calculate corrected mass m“"(Jj))
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g2 correction UNI\I;\IIE\%III%IY\I

- Calculate dilepton mass m®"(J/x») from fits to simulation and data

mCOTI’(//w) — mtrue + So - (mI’ECO _ mtI'UE)

At (1= 50) - (= mOA o

- Crosscheck: Fit again using m©"(J/4) in g* selection

12 ‘ ¢ ¢ wMC
. . . I3 ¢ now
. MMC is the mean from a fit to simulation N o L# smeared 4
- Ay is the shift between means 0 y
- m"™® s the generated dilepton mass SEUN . .
¢
- m™ is the reconstructed dilepton mass
. . ¢ . LHCb unofficial :
- s, is the scale on the width ESS Run 2p1
3060
a(e‘“a B(e“\x 3(9‘“7'

16/18



Test of the efficiency calculation - cross-check r, UNI\I;\IIE\%III%IY\I

B(B™ = K'm'm Jjp (= p" 1)) _ Nkwn(pw—pns) | Ekmn(jo—ee) sm

r, =
e [j’(B+ — K+7T+7T*//1/1 (_> ete~ )) NKTrTr(J/w —ree) €k (Jfap — pps)

- Ratio of tree level branching fractions
- Powerful cross check for the efficiency calculations

- Calculate ry, integrated and as a function of kinematic and other
quantities
- Found ry,, flat and compatible with unity after corrections
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; AACHEN

Summary
- Ry ratios are a good probe of New Physics contributions
- This analysis adds a measurement in an additional channel

- Presented the precise control over efficiencies

Ongoing work
- Complete systematics
- Finalise fits of the rare modes

- Prepare internal documentation for working group review
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Thank you!
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