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* Introduction

* B%_, K*(892)°up analysis on Run 1 data
 B*- K"uu analysis on Run 1 data

 B*- K*892)* uu analysis on Run 1 data
e B, K*(892)° yu extrapolation to HL-LHC
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b - sll decays

b - sll decays are an excellent laboratory
to probe new physics phenomena: b
* Suppressed in SM

(FCNC, forbidden tree-level)
* NP phenomena can affect BR or
angular distributions of final state

Pseudoscalar B* - K* yu decay

* muon direction defines one angular variable

 allows measuring the muon forward-backward
asymmetry

Vector-state B - K*up decays _ <

* muon direction and K* polarisation
define three helicity angles

 allows measuring a large set of angular
parameters, sensitive to EFT coefficients
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Global fit

* Tensions with SM predictions have been observed
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Angular analysis of B - Kuu decays

at CMS

Analyses performed as a function of the
dimuon invariant mass squared, ¢?,
whose spectrum is divided in bins

Resonant decays used as normalisation
and control channels:

* B-KJW (- )

* B-Ky(2S) (-py)

Parameter of interest extracted through
fits to distributions of B-candidate mass 1
and angular variables 1 15 2 25 3 35 4 45 5

Analyses share same two-muon trigger,
collecting data in 2012 run

Effects of detector acceptance and reconstruction and selection efficiency
described as function of angular variables and included in the fit PDF

Statistical uncertainty extracted with profiled Feldman-Cousins procedure
* ensuring that measurements are robust to borders of physical region of parameter space
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B° - K*°pu angular analysis [PLB 753 (2016) 424]
[PLB 781 (2018) 517]

Analysis of B? - K*°uu decay had two iterations:

* The first one integrated over the ¢ angle, resulting in a 3D fit to measure branching ratio,
forward-backward asymmetry, Ars, and fraction of longitudinally polarized kaons, F.

* The second one used a 4D fit to all variables, and applied the variable folding
to measure P, and P’s parameters
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BY - K*%pup results
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[PRD 98 (2018) 112011]

B* - K*uu angular analysis
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B* - K* up results

CMS 20.5 b’ (8 TeV) , CMS 20.5 b’ (8 TeV)
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Result dominated by statistical uncertainty in most g2 bins
(inner error bar)

No strong tensions observed with Standard Model predictions , )
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B - K**up angular anaIyS|S [JHEP 04 (2021) 124]
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B* - K** uu results
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* Result dominated by statistical uncertainty (inner error bar)

* Compatible with SM predictions

Predictions from:
[JHEP 12 (2014) 125]


http://dx.doi.org/10.1007/JHEP12(2014)125

Prospects for B - K*° uu analysis 12

at HL-LHC [CMS-PAS-FTR-18-033]
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Projections on P’s uncertainty (HL-LHC)
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Summary and conclusions

FCNC rare decays have been extensively studied in Run 1 CMS data
* B K*°uu angular analysis to measure Fi, Arg, P1 and P’s

* B - K"y angular analysis to measure Ars and Fy

* B* - K**uu angular analysis to measure F. and Ars

* Prospects of B° - K*°uu angular analysis in HL-LHC

L=3.0fb" (Vs = 13 TeV, 2018)

- 1 01 . Trigger paths
Analyses on Run 2 data in advanced status E f cms =
. . .. — Prelimi oy
- dedicated trigger requiring two muons + 1track & -~ = -
. cC Y
Wlth Common Vertex g 7 ¢ 1 Y = low mass double muon + track
Bs double muon inclusive
* more decay channels to be explored I z
10°
Stay tuned! 10°
10°
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1 10 10°
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PDF and decay rates

Integration of ¢ angle
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Likelihood profiles
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B° -, K*upu systematics and results

Source Pi(x1073) PL(x1073)
Simulation mismodeling 1-33 10-23
Fit bias 5-78 10-120
Finite size of simulated samples 29-73 31-110
Efficiency 17-100 5-65
K7 mistagging 8-110 6—66
Background distribution 12-70 10-51
Mass distribution 12 19
Feed-through background 4-12 3-24
b, Fs, As uncertainty propagation 0-210 0-210
Angular resolution 2-68 0.1-12
Total 100-230 70-250
7% (GeV?)  Signal yield P P Correlations
1.00-2.00 80+12  +0.127335+0.10  +0.10 T3 +0.07 —0.0526
2.00-4.30  145+16  —0.69 1035 +£023  —057 031 £0.18 —0.0452
430-6.00  119+14 40531933 +£019  —096 1757 +025  +0.4715
6.00-8.68 247421  —047 107 +0.15  —0.64 T913£0.13 +0.0761
10.09-12.86 354423  —053 10 +0.15  —0.69 T £0.13 +0.6077
14.18-16.00 2134+17  —0.337923+£020  —0.66 Tj50 £0.18  +0.4188
16.00-19.00 2394+19  —0534+0.19+£0.16 —056+0.124+0.07  +0.4621




Other results’ comparisons
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Fit projections from first analysis iteration
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Backup (B* - K* uu)




PDF and decay rate

1 dr 3 1
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pdf(m, costy) = YsSm(m)Sa(cosb;)e(cosby) + YgBm(m)Ba(cosby),



Efficiency functions
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Comparison with LHCDb results
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B* - K*uu systematics and results

-1
Systematic uncertainty Apg (x107)  Fy (x10™) > 10559 M3 . 2051 18 TeV)
Finite size of MC samples 0.4-1.8 0.9-5.0 3 1045 &
Efficiency description 0.1-1.5 0.1-7.8 = F it A
Simulation mismodeling 0.1-2.8 0.1-1.4 210k s i
Background parametrization model 0.1-1.0 0.1-5.1 >~ ot 1‘ i i
Angular resolution 0.1-1.7 0.1-3.3 E
Dimuon mass resolution 0.1-1.0 0.1-1.5 3
Fitting procedure 0.1-3.2 0.4-25 i
Background distribution 0.1-7.2 0.1-29
Total systematic uncertainty 1.6-7.5 4.4-39
7 (GeV?) Ys Arp Fy Fy(EOS) Fy(DHMV) Fy(FLAVIO)
1.00-200  169+£22  0.08 1342 +£0.05 0217077 4+039  0.047 0.046 0.045
2.00-4.30  331+£32 —0.04 0134007 0857037 +£014  0.024 0.023 0.022
430-8.68  785+42  0.00 *001+0.02 001007 +004  — 0.012 0.011
10.09-12.86 365+£29  0.00 F002+£0.05 0.01 )03 4+006  — - —
14.18-16.00 215419  0.01 59 +£0.02 0.03 739 +£0.07  0.007 0.007 0.006
16.00-18.00 262421  0.04 709 +£0.03 0.07 *306+£0.07  0.007 0.007 0.006
18.00-22.00 22620  0.05 0% +£0.02 0.10 T59+£0.09  0.008 0.009 0.008
1.00-6.00  778+47 —0.14 7007 +£0.03 0.38 1077 +0.09  0.025 0.025 0.020
1.00-22.00 228673  0.00 005 +£0.03 0.01 *)01+006  — — —




Backup (B* - K* " uu)




B* - K**uu angular distribution
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B* - K*uu efficiency
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fit projections
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Projections in full mass range Projections in peak region



B* - K*uu systematics and results

Source Arg (1073)  F (1073)
MC statistical uncertainty 12 -29 18 - 38

Efficiency model 3-25 4-12

Background shape functional form 0-9 0-33

Background shape statistical uncertainty 16 -73 20 - 87

Background shape sideband region 28 - 153 38 -78

S-wave contamination 4 -22 5-12

Total systematic uncertainty 42 - 174 55 - 127

2 2
q- (GeV?) Ys Arp F

1-868 221+81 -0147221017 060103 +0.13

10.09-12.86 259+6.3  0.097019+0.04 0.881573 +0.05
14.18-19 451480  0.337);£0.05 0.557)1° +0.06
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