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e Standard Model Prediction
° B.— uu:(3.66 +0.14) x 10~°
e B = uu:(1.03 +0.05) x 1071
e Beneke, Bobeth, arXiv:1908.0701 |

® Unique rare b—s£0 decays

e Sensitive to New Physics effects

® Non perturbative hadronic contributions enter via B
decay constant

e Well known from Lattice QCD
e Note

® SM predictions scale as |V, |2

e Difference between inclusive and exclusive measurements
of |V, | leads to additional uncertainty

e Buras, Venturini, arXiv:2203:1 1960

Helicity Suppressed

«L‘—»—BS*J‘»
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Current Results
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e |atest combination of ATLAS, CMS, LHCDb results is based on
Runl and partial Run2 data - BPH-20-003
® Full Runl+Run2 results by LHCb - PRL 128(2022) 041801
July 26,2022 D.Kovalskyi / B~ MM measurements / CERN




Rare B decay Anomalies Ill.-
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AItmannshofer Stangl, arXiv:2103.13370

e Multiple discrepancies are observed in rare B decays
® 3.10 Lepton Flavour Universality violation in R(K) and R(K*)

e 2-30 discrepancies in branching fraction and angular observables

® Global fits provide good description of data with the Wilson coefficients Cy and Cjo
of the vector and pseudo-vector operators Og and Og in the effective 4-fermion
interaction

® Only Ojo operator contributions to Bs— U
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Branching Fraction Measurement I III

external
B production

fraction ratio

NBooutn-  €Btosgprt fu

BB} - putp)=B(BT = J/YKT) x
NB+—>J/¢K+ €EBO s putp— e

Npooptn= €= I/v9

or - = B(B]) = J/ye) x N
BY—J/¢¢  €BO—putu-

N - u
B(B° — utpu~)=B(BT = J/YK™T) x B outy B/ Ju =1
NB+—>J/¢K+ €EBO—ptpu— fd

° Branching Fraction are normalized using BT — J/ywK Tand
B, — J/y¢ decays
® Most systematic effects cancel in the ratio

e B* — J/wK™ provides nominal normalization

° B, — J/y@ - alternative normalization with different systematics that can
benefit from independent BF measurement of B, — J/y¢
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Event Preselection |||||

Selection BY - utu= BT —=J/WKT Bl — J/pe
B candidate mass [ GeV | [4.90,5.90] [4.90,5.90] [4.90,5.90]
Blinding window [ GeV ] [5.15,5.50]

pru [GeV] > 4 >4 >4
7., <14 <14 <14
3D SV displacement significance > 6 >4 >4
pTW[GeV] > 5 > 7 > 7
uu SV probability > 0.025 > 0.1 > 0.1
J/¥ candidate mass [ GeV ] [2.9,3.3] [2.9,3.3]
Kaon pr [GeV ] > 1 >1
Mass-constrained fit probability > 0.025 > 0.025
2D pyu pointing angle [rad] <04 <04

¢ candidate mass [ GeV ] [1.01, 1.03]

e Selection requirements are as loose as possible
® Provide more data to MultiVariate Analysis (MVA)

e Limited by trigger requirements

® Normalization channel selection is optimized to match kinematics
of signal
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Dominant Contributions II I 1

Signal Bs— U Combinatorial Background
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I H
Muon Fakes I |||

1%
' ® Double muon fakes from B—hh - non-trivial
. background
® Looks like signal
BY | e Rate is comparable to BO—=
e B—KTr and B;— KK are dominant contribution
[

® Primary source of fakes

e Pion and kaon decays in flight to muon and neutrino
CMS Simulation Preliminary

e Other contributions are negligible and easy to reject

400

;_ D ES
350k BEE e Used MVA based muon identification
> 3000 ® Detect minor imperfections in the muon candidate trajectory
(o} C
o 2500 e Factor of 2-3 better rejection of fakes than the standard
S muon selection
~ 200
3 r e Kaon decays are easier to reject
£ 150F '
TR e Fake rates are measured in Ks— 11T and d—KK
100 control samples
>°E e Simulated reasonably well: ~25% systematic per hadron
29 5 56 57 58 59
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Multivariate Analysis



Multivariate Analysis |||||

e New multivariate analysis (MVAg) used to suppress the dominant backgrounds

® Trained with signal MC and mass sideband data with the XGBoost package (advanced gradient
boosting algorithm)

® Most discriminating variables
® Pointing angles: X2p, X3p

° Impact parameter and its significance: d3p, 93p/T(d3p)

)

Flight length and its significance: £3p/0(£3p)

e |solation for B candidate and muons

e Dimuon vertex quality
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MVA in Data M

CMS simuiation Preliminary
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MVA,

® MVA mismodeling can be a major
source of systematics

® Need a data control sample

e B* — J/wK" is the best candidate

e MVA is trained to rejected UK
events

e Extra track, wrong pointing angle etc

* Need to use correct input to get
signal-like response
® UMUK: pointing angle, impact parameter

® HM:vertex probability, displacement,
isolation (ignore kaon)
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BT — J/wK™ Event Selection I||i|-

CMS simuiation Preliminary CMS simuiation Preliminary CMS simuiation Preliminary
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® The pointing angle is one of the most powerful discriminators
® The distribution has a non-trivial dependence on the decay kinematics

e Need to match BT — J/wK™ phase space to B, — upu
® The agreement between X(MH) and X(MUK) is getting better when the kaon is soft

® |eads to larger background, but it’s manageable thanks to large number of events

e Use sPlot technique to extract distributions in Data
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Flight length significance Ill.-
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* Soft kaon requirement gives matching distributions for all input variables
but the flight length significance

It correlates with the dimuon mass

® Smaller mass — smaller opening angle — larger uncertainty on vertex position along
the trajectory — smaller significance

® Scaling flight length significance by |.6 provides a decent matching
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XGBoost Reweighting
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° With the special BY — J/wK™ control sample we can correct for
mismodeling in MC simulation

® Trained XGBoost classifier on MC vs Data with sWeights

e Capture the difference between MC and Data

PrObData . .
® Usew = as a weight to reweight B — MU MC samples
PrObMC
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Branching Fraction
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Unbinned ML Fit
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e 2D unbinned ML fit in mass and its
uncertainty

® |6 categories

* rapidity of forward muon: [0,0.7] and [0.7,1.4]
® data taking period: 2016a,2016b,2017,2018
e MVA:loose and tight

® Shapes
e Signal - fixed CrystalBall with mass scale and

resolution corrected using J/P and Y(IS)

® Combinatorial - |st order polynomial with free
floating parameters

e Semileptonic - Gaussian with floating parameters

July 26,2022
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Postfit Event Yields

Dataset Channel N(B)) N(BY) N(comb) N(peak) N(semi) N(total) Data
MVAg > 0.99
2016a 0 5.3 0.2 2.8 0.2 6.0 14.5 16
2016a 1 94 0.4 16.2 0.4 9.9 36.3 35
2016b 0 6.3 0.3 1.7 0.2 7.9 16.4 12
2016b 1 9.9 0.4 8.6 0.4 13.3 32.6 32
2017 0 23.5 1.0 51.4 0.8 29.6 106.3 114
2017 1 33.9 1.3 89.6 1.4 44.0 170.2 165
2018 0 34.5 1.4 64.8 1.3 38.4 1404 143
2018 1 50.0 2.0 151.0 2.5 50.9 2564 252
0.99 > MVAz > 0.9
2016a 0 4.8 0.2 118.0 0.2 8.4 131.6 132
2016a 1 8.9 0.4 324.8 0.4 16.5 351.0 352
2016b 0 5.6 0.2 107.6 0.2 10.9 124.5 126
2016b 1 9.2 0.4 257.1 0.4 18.2 285.3 287
2017 0 15.2 0.6 637.7 0.7 26.4 680.6 683
2017 1 21.7 0.9 1430.5 1.1 44.3 1498.5 1498
2018 0 23.3 1.0 936.2 1.2 52.5 1014.2 1017
2018 1 34.2 1.4 2222.5 1.8 79.7 2339.6 2340

* Postfit event yields by categories

® Channel 0 and | refer to forward muon rapidity ranges of [0.0,0.7] and [0.7,1.4]

e Expected number of B? events is still very small

July 26,2022
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Efficiency Correction I|Ii|-

42.0 o' +61.3fb(13 TeV)

30000

~ cMIS
- proiminay e Use BT — J/wK™ events to model
25000~ :
: T B — pp decays in Data and MC
Al L
& 20000 e Additional selection requirements
S
-’ - ata e Kaon PT < .5 GeV
8 150001 E,Ict §
g f  rveend® e Rescaled flight length significance
LW 10000
; x ® Data/MC correction factors
5000 . , .
- e Ratio method: efficiency ratio between
ok sWeighted data/MC
Q 1.5 ety it ei® s o] ) )
S 1;I;f%ilfixﬁig&mﬁmt:m:ma . e XGBoost: train a XGBoost classifier to
S 05E reweight MC to match to the data
0.9 0.910.92 0.93 0.94 0.95 0.96 0.97 0.98 0.99 1

MVA,

MVAg>0.9 MVAg>0.99

Method

Ratio 1.011+0.013 0.939+0.007 0.903+0.008 1.058+0.019 0.891+0.008 0.885+0.010
XGBoost 0.991+0.008 0.949+0.003 0.917+0.002 1.008+0.011 0.905+0.004 0.908+0.002
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B* - J/wK*Yield Fits |y
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* Two different signal models are used to extract signal normalization in

unbinned maximum likelihood fits

® Nominal model is built using analytical functions

e Alternative one is using non-parametric signal model convolved with a resolution model

® The difference between the two estimates is taken as systematics (%)
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B, — Jlyo Yield Fits |1}
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° B, — J/y is used as an alternative normalization for Bs BF

e At the moment it's primarily a cross-check

e Data is fitted to two different signal models, taking the difference
as systematics
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BF Systematics I|Ii|-

Effect BF(Bs—ptu-) BF(BO—ptu-)
Trigger efficiency 2—4%
Pileup 1%
Vertex quality 1%
MVAg correction 2-3%
Tracking efficiency 2.3%
J /WK shape 1%
Fitbias 2.2% 4.5%
fs/f, ratio 3.5% -

e Signal efficiency is correlated with the Bs lifetime

® B;— MM branching fractions are measured assuming the SM lifetime value
e For alternative hypothesis scale BF using the following scale factor
apr = 1.577 — 0.358 7
® Tisinps
e Example: agp(1.61) = 1.0, agp(1.43) = 1.065
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f/f, ratio in BF fit I
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B,— UM BF Result M
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BO— U Search I|Ii|-
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Sensitivity to BO—=pp |1
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® The main challenge with BO— Ul is the combinatorial background

* |t will require more data and analysis improvements to reach
discovery level
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Contour Plots Illil-
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Lifetime Measurement



Effective Lifetime Measurement I i I |
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B, = up and B* — J/wK™ are considered

as a systematic uncertainty.

Decay time [ps]
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Lifetime Systematics I ! I 1

1 CMS Preliminary 20.0 (13 TeV) 1 CMS Preliminary 16.6 fb (13 TeV) 1 CMS Preliminary 61.3 (13 TeV)
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Effect
Efficiency modeling
Scanning over different gen lifetime sample

Decay time mis-modeling

Lifetime bias
Total

® Dominant systematics comes from a strong correlation between
MVAEg and decay time, which are hard to model well

e Corrections can be derived in data and uncertainty is mostly limited by the size
of the control sample
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Effective Lifetime
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Summary I|Ii|-

® Studies of rare Bis)— U*M~decays provides a unique tool to explore
and understand rare B decay anomalies

e Theoretically clean

e Sensitive to the same processes

e CMS finalized analysis of 140 fb-! data collected during LHC Run-2

® All results are consistent with SM predictions

® Relative uncertainty on BF(Bs— pJ*-) has been reduced to | | %

® The best single measurement to date

e Statistical uncertainties dominate in all measurements

e Good perspectives for further improvements with Run-3 data

e A conference note and other materials are available at

® https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/
BPH-21-006/index.html
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Event Display
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