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- 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

A precise test of LFU in the SM is the ratio

B(B— Hpup)
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B(E= Hee )vv|thH K™, K™, ¢,.

Phys.Rev. D69 (2004) 074020]

Ry =

- Ry expected to be close to unity in the SM (e 0712 (2007) 040]

- Theoretically clean as hadronic uncertainties cancel
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Published measurements of Ry

[f‘ 201
 LHCb 3 1
r 1.0 S

1sf } I S R, ]
r 08 F 1
10F I \_}_{ E 1]
s | 0.6 R
[ —— ® LHChH ]
F — BIP ]
L = BaBar 0.4 v CDHMV ]

0.5[ + Belle 5 505
E 02F 1
t o LHCb Run 1+ 2015 + 2016 LHCh : ‘f(l‘av‘w 1
0.0 L L L L Ll I I 1]
0 5 10 15 20 00 R TS
o2 [Gevcd] ¢ [GeV?/cY)

- Tensions with LFU measured by the LHCb collaboration

- Measurement of Rx (2.5¢ tension with SM) [Phys. Rev. Lett. 122 (2019) 191801]

Re = 0.8461%0% (stat) ™99 (syst) for1< ¢” < 6.0GeV’
- Measurement of Ry«o (2.10-2.5¢ tension with SM) [1ee 08 (2017) 055

0.667% 1, (stat) £ 0.03 (syst) for 0.045 < g* < 1.1GeV?

Ry-o =
‘ 0.697%1 (stat) & 0.05 (syst) for 1.1 < g* < 6.0 GeV?
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Analysis strategy

Perform double ratio

Riwr — Nirerup Nirr(s —see)  Ekmm(fp— pum) €Krree
— . . .
NK‘/rﬂ(j/w — ) Nkrmee EKmmpp €K () —see)
determined by fit to selected data calculated from corrected simulation
BT — Ktntw~ete™ data (Run 1) Bt — Ktatn~ puT ™ data (Run 1)
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- Resolution in electron mode deteriorated by Bremsstrahlung
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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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- Fiducial cuts to exclude regions in which efficiency calculations are
difficult (p¢r), m(Kmr), ECAL regions)

- Require tracks of good quality

- PID variables are used to suppress mis-identified particles

ProbNN,(K)

BT — Ktntn~Jp (— eTe™) Run 1data (stat. bkg. subtracted)
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Peaking backgrounds

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

- Double mis-identification of one hadron
and one lepton, e.g.
BYf = Ktnt, a (= pt, pn7)

- Escapes charmonium veto on ¢?

- Vetoes on m(K*£™), m(zx=¢F) with K* or
the & reconstructed as lepton b Lich unofficial n
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Combinatorial background suppression

1.0E
- Multivariate analysis ¢c>>‘ r
- Boosted Decision Tree (LightGBM) .g L
- Cross-validation (n = 10) E 0'8,_
- Select input variables from set = I [ROC AUC =0 9963J
. s L .
of well-simulated features by backward b 0.6l et
elimination 2 LHCb unofficial
- Separate BDTs for electron and muon 0. 900 O 925 0. 950 0 975 1.000
mode Background Rejection

Training data
- Signal: Bt — K*ztx~ ¢~ simulation (corrected)

- Background: Upper sideband B" — KTx "7~ ¢"¢~ data
Only combinatorial background, no significant contribution from physical background sources

8/18



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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Corrections to simulation and efficiencies

Need to calculate accurate efficiencies

= Correct some distributions in simulation

PID correction —>» tracking weights — Knmn weights —>» kin/mult weights — Trigger corrections
Meerkat efficiency maps BDT reweighter BDT reweighter - LO correction
- pT - pT(e) - m(Knm) . pr(B) + HLT alignment
+n - 9(e) - m(Krn) -n(B) « HLT correction
- nTracks - n(e) - m(mm) - nTracks
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Correction of PID variables
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Tracking corrections
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K77 composition

- Perform inclusive measurement of the K" "7~ system
- Kz can originate from

K1(1270) <,>
K1(1270) — K*(892) 7
K (1400) — K* (892)

K2(14§O)~> K*(892)m

- Difficult to model in simulation
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Correct Kmrmr el in simulation

Run 1 Bt = K*rta=(Jp — ptp™) Run 1 corrected simulation
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and multiplicity

- Weights are calculated on trigger
corrected muonic control channel

data
- Observables
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Reweighting of the B* production kinematics and multiplicity

- Correct B* production kinematics
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0
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Trigger corrections
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Test of the efficiency calculation - cross-check r,

e = BB — K wtr ™ Jb (= ptp™)) _ Nirm(pp ) Ekmm(pp —ee) 1
Y BBt = Kt (= ete”))  Niwm(pp see)  Ekmm(iib— )

- Ratio of tree level decays
- Powerful cross check for the efficiency calculations
- Calculate ry, as a function of kinematic and other quantities
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Conclusion

- Ry measurements are a good probe of New Physics contributions
- Recent measurements show tensions up to 2.5 with SM

- This analysis adds measurement in an additional channel

- Presented

- Overview over selection criteria
- Corrections to simulation

- Work in progress

- Finish studies of ry;,, (flatness, value)
- Study of systematic uncertainties
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Thank you!
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Feynman diagrams
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