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Introduction

e Flavour-changing neutral current decays " - 1*
b—slT0 are doubly suppressed in the Standard ﬁf<
Model Lo s wiss YV S
b t,c,u K b Lou s

@ Good laboratory to probe new-physics effects,
through angular analysis and branching fraction
measurement

o The B® — Ky decay
o Flavour eigenstate (B°/ B%) can be identified through the K*® = K 7" decay
o allows measuring a large set of angular parameters,
sensitive to Wilson coefficients c§’), Cé/), Cﬂ)), Cg’)P
e The BT — K" up decay
o allows measuring the muon forward-backward asymmetry
@ Both channels are experimentally accessible, thanks to the fully-charged final states and
easy-to-identify muon pair
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Angular analyses in CMS

1. B® — K*’up analysis with Run 1 data

2. BY — K" analysis with Run 1 data

3. Prospects for the B — K*Ouu analysis at HL-LHC
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B" — K*O;:p‘ analysis

Phys. Lett. B 781 (2018) 517-541

BY — K*0(892)/ﬁ/f — K™n "~ angular analysis 555

@ Fully described by three angles: 6,,64, ¢ and
9" = MAZLH

@ Robust SM calculations of several angular parameters
in most of the phase space
o forward-backward asymmetry of the muons, Agg
e longitudinal polarisation fraction of the K*O, F,

o set of clean parameters, P,g')

@ The q2 range has been divided in 9 bins

e 7 signal bins, in each of them the angular analysis is
performed independently
e 2 control-region bins, covering the two resonant decays
o B® — JK*°
o B® = ¢(25)K™°
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B" — K*O;:p‘ analysis

Previous CMS analyses

@ Two analyses were performed and published by CMS
with 2011 and 2012 data

@ The parameter space was reduced by integrating over
the ¢ angular variable

@ Agg and F; parameters and differential branching fraction
were measured

@ No deviations from SM prediction

@ The analysis presented here is performed
on the same dataset and uses the same selection criteria
as the previous 2012 analysis
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B — K*O;:p analysis

Angular decay rate

o Final state K7y 1.~ has contribution from P-wave (K*O), , and

@ In total, the decay rate has 14 parameters: fold around ¢ = 0 and 6, = 7/2 to reduce them

~N

1 a'r 9 {2[ 2 5 2 2 ]
=— 4= [(Fg + Ag cos@ 1—cos™ ;) + Agy/1 — cos” 6 1 — cos” 6,cos ¢
dr/dqg® dg°d cos6;d cos fcdg 87 |3 (Fs +4s K) ( I) S\/ K\/ !

+(1-— Fg) [2FL cos? (% (1 — cos? 9,) + % (1-Fp) (1 — cos? GK) (1 + cos? 0,)

+ §P1(1 — F,)(1— cos? 0)(1 — cos’ 0,) cos 2¢

+2P} cos O/ Fr, (1 — FL)\/l — cos? G'K\/l — cos? 0, cos¢] }
A

J
@ 6 angular parameters left:

fit with all of them free to float not possible (low statistics, proximity of physical boundaries)
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B — K*O;:p‘ analysis

Angular decay rate

e Final state K"z~ 1" 11~ has contribution from P-wave (K*O), , and

@ In total, the decay rate has 14 parameters: fold around ¢ = 0 and 6, = 7/2 to reduce them

1 dr 9 {2 [ 2 5 2 2 ]
=— < —|[(Fg #+ Agq cos O 1—cos"0,)+A 1 — cos” 0 1 — cos” 6, cos ¢
dr/dqg® dg°d cos6;d cos fcdg 87 |3 (Fs s K) ( I) S\/ K\/ !

~N

+(1-— Fg) [2FL cos? (% (1 — cos? 9,) + % (1-Fp) (1 — cos? GK) (1 + cos? 0,)

+ §P1(1 — F,)(1— cos? 0)(1 — cos’ 0,) cos 2¢

+2P} cos O/ Fr, (1 — FL)\/l — cos? G'K\/l — cos? 0, cosqb] }
A

J
@ 6 angular parameters left:

fit with all of them free to float not possible (low statistics, proximity of physical boundaries)
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B — K*O;:p analysis

Angular decay rate

o Final state K7y 1.~ has contribution from P-wave (K*O), , and

@ In total, the decay rate has 14 parameters: fold around ¢ = 0 and 6, = 7/2 to reduce them
1 a‘r 9

2 2 5 2 2
=—4q = gos 6 1—cos“6;) + Ag\/1 — cos” & 1 — cos 9cos¢]
dr/dq2 dq2dc059,dc050Kd¢ 8w {3 k) ( ’) S\/ K\/ !
1
+(1 —@@052 (4% (1 — cos? 9,) + 3 (1 —@(1 — cos’ GK) (1 + cos® 0,)
+ %Pl(l @1 — cos® 0 )(1 — cos? ;) cos 26

+2P} 9 1—cos? Oy /1 — cos> @ ¢]}
\ 5cosK \/ cos K\/ cos” 0, cos

J
@ 6 angular parameters left:

fit with all of them free to float not possible (low statistics, proximity of physical boundaries)
@ F;, Fs, and A, fixed from previous CMS measurement
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B — K*O;:;z analysis

Angular decay rate

o Final state K"z~ "1™ has contribution from P-wave (K*O), S-wave, and

-

@ In total, the decay rate has 14 parameters: fold around ¢ = 0 and 6, = 7 /2 to reduce them

~N

1 a‘r 9 {2
dr/dq® dg®d cos0,d cos O dg 8™

3 |:(FS + Ag cos 0 ) (1 — cos® 9,) 1 — cos® GK\/l — cos’ 6, cosqS]
+(1-— Fg) [2FL cos? (2% (1 — cos? 9,) + % (1-Fp) (1 — cos? 9K> (1 + cos’ 0,)
+ — F,)(1— cos® 0x)(1 — cos® 0)) cos2¢

+59K\/FL (1- FL)\/l — cos? G'K\/l — cos® 0, cos¢]}

(.

@ 6 angular parameters left:

fit with all of them free to float not possible (low statistics, proximity of physical boundaries)
@ F;, Fs, and A, fixed from previous CMS measurement

’ 5 .
@ P; and P; measured, A, nuisance parameter
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Fit pdf description
p.d.f.(m, cos Oy, cosb;, ¢) = YSC . (SR(m) - S%(cos O, cos 0, ¢) - eR(cos Ok, cos b, )

M
+ f i «SM(m) »Sa(cos()K,cosG,,¢7)-eM(c059,,c050K,¢7)>
1-f

+ Yg - B™(m) - B* % (cos O ) - B (cos 0)) - B®().
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B = K*%up analysis

Fit pdf description

p.d.f.(m, cos Oy, cosb;, ¢) = YSC . (SR(m) - S%(cos O, cos 0, ¢) - eR(cos Ok, cos b, )
M

SM(m) - S(—cos Oy, — cos ), —) - eM(cosel,coseK, ?)

e
+ Yg - B™(m) - B* % (cos O ) - B (cos 0)) - B®().

Signal components for correctly-tagged
and mis-tagged events, each composed by:

@ double-Gaussian mass shape
@ angular decay rate

@ 3D efficiency function
(using non-parametric Kernel-Density-Estimator)

Flavour state assignment based on M(Kr) value

@ mis-tagged event fraction 14%, measured on MC
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B" — K*O;:p‘ analysis

Fit pdf description

p.d.f.(m, cos Oy, cosb;, ¢) = YSC . (SR(m) - S%(cos O, cos 0, ¢) - GR(COS Ok, cos b, )
M

e SM(m) - S(—cos Oy, — cos ), —) - eM(cosel,coseK,¢>)>

+ Yg |B™(m) - B % (cos 0 ) - B (cos 0)) - B ().

Signal components for

and events, each composed by:
) Background component
@ double-Gaussian mass shape & P
@ exponential mass shape
@ angular decay rate
. . @ polynomial shape for each angular variable
@ 3D efficiency function po P &
(using non-parametric Kernel-Density-Estimator) @ factorisation of angular components tested

Flavour state assignment based on M(Kr) value

@ mis-tagged event fraction 14%, measured on MC

A. Boletti (Universita & INFN Padova) B — K™y at CMS BEAUTY2019  7/19



0

B" — K*O;:p‘ analysis

Fit algorithm

@ Two-step fit performed for 7 (+2 control regions) q° bins:

e fit m side bands to determine the background shape
e fit whole mass spectrum with 5 floating parameters

(2 yields, Py, Pi, A?)
@ Unbinned extended maximum likelihood estimator used
e find maximum of L inside the physically allowed region
@ Statistical uncertainty using profiled Feldman-Cousins method

@ Blind procedure: before fitting the signal mass region on data,
the fit procedure has been fully tested
and validated on simulation

A. Boletti (Universita & INFN Padova) B — K™ up at CMS
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B" — K*O;:p‘ analysis
Systematlc uncertainties
' 1\
Source Py(x1073) P{(x1073)
Simulation mismodeling 1-33 10-23 @ Fit bias with cocktail signal MC + toy
Fit bias 5-78 10-120 background from data side-bands
Finite size of simulated samples 29-73 31-110
Efficiency 17-100 5-65 @ MC stat due to limited statistics in
K7 mistagging 8-110 6-66 ffici h | .
Background distribution 12-70 10-51 efficiency shape evaluation
Mass distribution 12 19 . . .
Feed-through background 1 304 o Efficiency: comparing F; on CR wrt PDG
F, Fs, As uncertainty propagation 0-210 0-210 . . .
Angular resolution 268 04-12 @ K7 mistag evaluated in J/i control region
Total 100-230 70-250 and propagated to all bins
| J

f Propagation of F;, Fs, and A uncertainties:
@ Generate pseudo experiments, with x100 events, for each q2 bin

@ Fit with F;, Fg, A, free to float and with F;, Fs, A fixed

@ Ratio of stat. uncert. on P; and Pi with free and fixed fit used to estimate syst uncertainties
(.
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> K*O}l}l analysis

Results:

fit projection for second bin: 2.0 < q° < 4.3 GeV?

cms 20.5 b (8 TeV) cms 20.5 fb (8 TeV)
> F 2<q2<43Gev? ¢ Data %) 2<q2<4.3GeV? ¢ Data
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B — K*O;:;z analysis
Results
o E o 1.5
3 +-cms & -+cvs
2.5 ~+-LHCb 1 —-LHCb
2k N sM-DHMV §\ k- Belle
15F 05¢ Y sm-DHMV
23 o +
05 1 T F
E E ks
0 -0.5F D _j{»__ B
osg —}F NN - AN
-1= F
_15:\\\\”\\\”\\”\\ P PRI BRI B _15’\\\\\”\\”\\”\\ P PITIN EFREIN BI
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9? (GeV?) 97 (GeV?)

@ SM-DHMYV prediction computed using

e soft form factors + parametrised power corrections
e hadronic charm-loop contribution derived from calculations

@ Results compatible with SM predictions within uncertainties

@ No significant deviations from other experimental results
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BT — K+;:;1 analysis

Phys. Rev. D 98 (2018) 112011

B™ — K" angular analysis arXiv-1806.00636

@ Fully described by the angle 8, and q2 = Mfm;

o Angular decay rate:

-
Y Bt
1 a’r 3 R 1 w
——————=—(1-Fyg) (1 —cos"0y)+ - Fg + App cos 0
dr/dq” dg°d cos 6, 4( H)( Z) o HT/FB ¢ \ p=s
ut

@ Angular analysis to measure

e angular parameter Fg

o forward-backward asymmetry of the muons, Agg
@ Range of q2 divided in 9 bins

e 7 signal bins

o 2 bins for resonant decays BY — J/yK* and B — (2S)K™ (control channels)
o 2 additional special bins: [1-6] GeV? (clean predictions) and [1-22] GeV? (full signal)
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BT — K+;:p analysis

Fit algorithm

p.d.f.(m,cos0,) = Ys - S;(m) - S7(cos0,) - €;(cos b))
+ Yg - B"(m) - B (cos )

@ Signal pdf component

e double Gaussian mass shape
o efficiency parameterised from MC with 6th-order polynomial

@ Background pdf component

e exponential mass shape
o polynomial (3rd- or 4th-order) + Gaussian for the angular shape

@ Two-step fit performed:

o fit m side bands to determine the background shape (fixed in second step)
o fit whole mass spectrum with 4 floating parameters (2 yields 4+ 2 angular param)

@ Unbinned extended maximum likelihood estimator used

@ Statistical uncertainty using profiled Feldman-Cousins method
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BT — K+;:p‘ analysis

Validation and systematic uncertainties

Several validation steps

CMS Smulation

0.1
. . om
@ With signal MC sample < [ B RrRECO level
(both high statistics and data-like) 0.05F- 4 GEN level
@ With resonant control regions [ &
O -
s A r
Systematic uncertainty Agp (x107%)  Fg (x107) —0.05[~
Finite size of MC samples 0.4-1.8 0.9-5.0 r
Efficiency description 0.1-1.5 0.1-7.8 T e I
Simulation mismodeling 0.1-2.8 0.1-14 _0'10 5 10 15 20
Background parametrization model 0.1-1.0 0.1-5.1 2 (GeVZ)
Angular resolution 0.1-1.7 0.1-3.3
Dimuon mass resolution 0.1-1.0 0.1-1.5 Dominant svstematic uncertaint
Fitting procedure 0.1-32 0.4-25 y unce Y
Background distribution 0.1-7.2 0.1-29 from background description
Total systematic uncertainty 1.6-7.5 4.4-39
(. J
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BT — K+;:p‘ analysis

Results: fit projections for special bin 1 < q° < 6 GeV?

50GCMS 20.5 fb* (8 TeV) GOCCMS 20.5 fb? (8 TeV)
- 2 L 2 2

% F 1<g?<6GeV — 1<0g?<6GeV
O 400 2 F
& 300F 8 400~
o = o) -
© 200F- o ek
0 & 200~
£ 100
o) C
o o : s

51 52 53 54 55 5§ -1

m(K™p W) (Gev)
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BT — K+;:p analysis

Results
CMS 20.5 fb* (8 TeV) _CMS 20.5 ™ (8 TeV)
o C Il"’-
< 04p + Data Lo + Data
C . — DHMV
02f N
of _|_+ +
- 5_
-02f B
_0_4:_ 0-— ——— —b— -‘-ﬁt
OII”I”“1'0””1'5””2|0I 0....|....10 I:LISIIHII
? (GeV?d) P (GeVZ)

@ Inner error bar is statistical uncertainty

@ Full bar is total uncertainty

@ Results compatible with SM predictions within uncertainties
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0 :
Prospects for B — K™ analysis at HL-LHC

@ Uncertainty on P; measurement in B® — K*Ouu angular
distribution is extrapolated to HL-LHC scenario at 3000 fb!

@ Run 1 results used as baseline
@ Upgraded CMS tracker detector provides improved mass resolution

@ No changes in trigger performances and analysis strategy
have been considered

@ Signal yield has been obtained from MC simulations
with Phase-2 detector upgrade and pileup of 200

o Scaled to 3000 fb~*: ~ 700k events in the full g° range

A. Boletti (Universita & INFN Padova) B — K™ up at CMS

Report: CMS-PAS-FTR-18-033

CMS _ Phase-2 Simulation Preliminary
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. . / .
Projections on Py uncertainty (HL-LHC)

05 CMS Phase-2 Simulation Preliminary 3000 fh! (14 TeV)
Ao L B°., K'OWH' + CMS PLB 781 (2018) 517
: with Stat. uncert. only
@ Run 1 statistical uncertainty scaled ol [ with YR18 syst. uncert.
according to the expected yield L
@ Systematic uncertainties based on data i
control channel scaled according to statistics 0.5~ %
I ] | —— |
@ Other systematic uncertainties scaled i =~ 1
by factor of 2 -
@ Total uncertainty is expected to improve r
by 15 times wrt Run 1 result L
2 01— Finer binning
@ Large signal yield allows to split ® oL =
q2 range in finer bins § oxr — e
B R N S BN U E B I B
0 2 4 6 8 10 12 14 16 18 20

o2 [GeV?]
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Summary

FCNC rare decays are being extensively studied in CMS

o B® - K*®uu angular analysis has been extended
to measure P; and P

13.1 fb” (13 TeV, 2016)

A

yy S fow mass double muon  track
double muon inclusive

) ) m 8 o CMS i
! ~ E Prelimi -M»
° B K FH angU|ar anaIySIS PerfOr ed £ £ Preliminary Iy —
o
>
i

for the first time in CMS, to measure App and Fy

z

@ Prospects of B® — K*°uu angular analysis in HL-LHC .
B ang :

0 102
w*u invariant mass [GeV]

Currently working on Run 2 analyses -

|

o dedicated trigger requiring two muons + 1 track with common vertex
@ more decay channels to be explored
@ Stay tuned
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Backup slides
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Backup (B0 — K:’:Dp,;t)

The validity range

To guarantee that the decay rate is always positively £ F 5
defined, the parameters have physical boundaries: 0\ q" bin 1
@ interference terms A§5) have a definition range (‘ : physical
dependent on F;, Fs, and P; *\\; X region
@ to have a positive P-wave component, P; and Pé N: .\‘?:ﬁ?-
must satisfy: (Pé)2 -1<P<1 ,éu"r':e'g:fal
o purple line in the graph B

@ to have a positive decay rate, an additional boundary need to be considered

o depends on all the parameters

e no analytic description available

o computed numerically for each g> bin, using the fixed values of F, Fs, and A,

e grey lines in the graphs represent the boundary for different AS values within its range

Main cause of fit convergence problems — floating parameter AZ’
and its influence on the physical boundary
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Backup (B0 — K:’:Dp,;t)

Dataset selection for B® — K*%uu

Trig Dedicated HLT trigger path:
Low pt dimuon, displaced, low invariant mass

wopr>35GeV, pi' > 6.9 GeV,
with high-quality displaced vertex

h pf > 0.8GeV, [M(KT) — M, 0| < 90 MeV,

Mgk > 1.035 (¢ veto), displaced from the primary vertex
BY p, > 8GeV, [n| < 2.2, with four-body displaced vertex

requirement and global momentum alignment

o both B and B® considered
e anti radiation cut against feed-down of J/i/4(25)

CR : J/i and 9(2S) resonances used as control regions
and treated in the same way.

A. Boletti (Universita & INFN Padova) B — K™ up at CMS

cms 20.5 b (8 Te!

Entries / (0.014 GeV)

M) (Gev)

no PID to distinguish K from m,
flavour state assignment based on
which hypothesis M(KT7~ /K™ 77")
is closer to M, «0(PDG)

mistag rate 14% (MC)

BEAUTY2019 3/20



Backup (B0 — K

L)

Anti-radiation cut

The signal sample is required to pass the selection:
o m(pp) < MypoG — 3miy) OF
& MG +30m(p) < MEH) < MyppG — 300y OF
® m(pp) > MypnG + 30m )i

for the control channel B — K*O(K* 77 )J/p(u* ™) the requirement is:

S
o |m(up) — myyeoc| < 30mp)- & 55
while for the B" — K**(K*7~ )¢/ (u* ™) channel is: E 54
o [mup) — mypoc| < 305 g
= 53f *q2 bin
To further reject feed-through Events are rejectedif m{u) < ‘myppG, then: *30 cut
from control channels = o | (m(Krmppr) — moppg) — (m(ppe) — mygenc)| < 160 MeV/e; 5.2 el & ml) et
o [(m(Kmup) = mpoppg) — (m(ppe) = mypp)| < 60 MeV/c?; 51
while if myyppg < m(up) < myrpg, then: )
o |(m(Kpge) — mopppe) — (m(pe) — myyroc)| < 60 MeV/e?; 5 5 2 25 3 a5

o [(m(Kmpp) — mpoppg) — (m(pep) — myppg) | < 60 MeV/c?;
and if m(pp) > myrpg, then:

4
m(u'w) (GeV)

o | (m(Kmppe) — mpoppc) — (m(ppe) — myyppc)| < 60 MeV/c%;
o |(m(Kaup) — mgoppc) — (m(ppe) — myrnc)| < 30 MeV/c.

A. Boletti (Universita & INFN Padova) B — K™ pup at CMS



Backup (B0 — )

Efficiency and closure test (right tag)

Numerator and denominator of efficiency are separately described with nonparametric
technique implemented with a kernel density estimator on unbinned distributions

Final efficiency distributions in the p.d.f. obtained from the ratio of 3D histograms
derived from the sampling of the kernel density estimators

Closure test:
compute efficiency with half of the MC simulation and use it to correct the other half
same test performed both for correctly and mistagged events independently

CMS simuttion §Tov CMS simution 8TV CMS simuasen 8TV
- LA Ak R RAAE B R R R | - LAl A B i bkl Al b B | i T T T T T
3 3 3200, 4 3 .
350 2.00< g <4.30 GeV* : 2.00<q" <4.30 GeV*® : 200 c"Os ]
© © © Co, Ure tg,
1808 ] 120+ —Tect)y, , St fo,
300} B )
—— Generation x & 160F B
1
2s0F * Reconstruction | aop 3
120 F 80) Efficiency
2008 Efficiency P~
2nd g2 bin 1006 7 wl
150} 1] o
.
. E aof
- Efficiency | e
P a0l
ae I bl
P 160.40.2 0 02040.60.8 1 0 0.102030.40.506070808 1 0 05 1 15 2 25 3
COSBK COSBL [}
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Backup (B0 —

0]

Efficiency and closure test (wrong tag)

Numerator and denominator of efficiency are separately described with nonparametric
technique implemented with a kernel density estimator on unbinned distributions
Final efficiency distributions in the p.d.f. obtained from the ratio of 3D histograms

derived from the sampling of the kernel density estimators

Closure test:
compute efficiency with half of the MC simulation and use it to correct the other half
same test performed both for correctly and mistagged events independently

CMS simuiation

8TV

5 T
o 180f

ETE

Efficien

LA g S L M

CMS simuition a7V CMS simusten a7V
= oo T T
< 2.00<q <4.30 GeV®

200] v

180 4

160 3

140 —

Efficiency

o
380603020 5204 0888
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0 01020.3040506070809 1
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o=l Efiiciency

40F — Generationxe |

20F * Reconstruction"™ ... ...
1 L L L L 1J

0 05 1 15 2 25 3
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Backup (B0 — K:’:Dp,;t)

Background considered included:

@ Partially reconstructed BC decay might pollute left MBO side bands

@ restrict left s.b. (5.1 < M < 5.6 GeV, default 5 < M < 5.6 GeV)
@ redo fit: change in P; and Pé within the systematic uncertainties.

o B Ki,up plus and additional random 7:
@ distribution ends at M > 5.4 GeV, further reduced by cos « cut, and BR similar to B — K*Oup
+ —
o Ny — pKI/p (" 1)
@ look at event in the My, ~ MBO peak, reconstruct them using p, K mass hypothesis: no peak seen.
o B® = DX, with D — hh and h mis-id as u
@ requires two mis-id: Py ~1- 1073 given BR ~ 1 - 1073 negligible.

o B® — J/(up)K™®(K), with one h and one 11 switched

—4
© Prisig y(L—g,) ~1-107% Voo

@ J/3p feed contamination in close bin included in the fit model

P 1.6 - 10%: few events in bin close to J/i

A. Boletti (Universita & INFN Padova) B — K™ up at CMS BEAUTY2019
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Backup (B0 — K:’:Dp,;t)

Fit validation

extensive fit validation with MC: used as systematics e £

@ compare fit results with MC input values (sim mismodeling) EEE"’

@ compare with data-like MC (fit bias) ’ZE: _ﬁ
e signal only correct tag i3 e E o
e signal correct+wrong tag e R e

o signal 4+ background

@ Data control channel (J/i) and ¢ (2S)), comparing fit results
with PDG (F,) (efficiency)

@ compare Py and P; on J/ip and 9(2S) w/ and w/o F, fixed: no bias

B(BO — K*Ow(25)) __ Y’tl)(ZS) €1y B(J/’(ﬁ — /"4+M_) — 0.480 + 0.008(stat) + 0055(R$H)

B(B® — K*°J/p) €p(es) Yo B((2S) = p'tp”)
vs PDG 0.484 + 0.018(stat) + 0.011(syst) & 0.012(R%)

A. Boletti (Universita & INFN Padova) B — K™y at CMS BEAUTY2019  8/20



Backup (B0 — K

Fit procedure

The decay rate can become negative for certain values of the angular parameters (P1, Ps’, ASs)
The presence of such a physically allowed region greatly complicates the numerical
maximisation process of the likelihood by MINUIT and especially the error determination by
MINOS, in particular next to the boundary between physical and unphysical regions
The best estimate of P1 and Ps’ is computed by:

discretise the bi-dimensional space Pi-Ps’

maximise the likelihood as a function of Ys, Ys, and A% at fixed values of P1, Ps’

fit the likelihood distribution with a 2D-gaussian function

the maximum of this function inside the physically allowed region is the best estimate

CMS Preliminary 205 fb-1 (8 TeV)
_ T [ARAaRaassed
o /24 g bin
To ensure correct coverage for the 04 Calor code Log
- s 0.2 E
uncertainties ?f Py and P5. , the . . Likelihood (LL):
Feldman-Cousins method is used in a 0 : E =0to0.5LL
simplified form: the confidence 02 J egreen =05t02LL

interval’s construction is performed only ,0_4
along two 1D paths determined by
profiling the 2D-gaussian description of
the likelihood inside the physically
allowed region

+ ] Coloured paths:
* Profile likelihood for P+
» Profile likelihood for Ps’

1-080.60.402 0 020.406 o.ap1
1
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Backup (B0 —

0]

FC stat uncertainties determination

To ensure correct coverage for the uncertainties of Py and Ps’, 'ﬂ_m, Y
the Feldman-Cousins method is used in a simplified form: the
confidence interval’s construction is performed only along the
two 1D paths determined by profiling the 2D-gaussian
description of likelihood inside the physically allowed region:

generate 100 pseudo-experiments for each point of the path
fit and rank according to the likelihood-ratio

confidence interval bound is found when data likelihood-ratio
exceeds the 68.3% of the pseudo-experiments

Best estimate

“

‘..:\:‘Xf R
0.608 1
P,

.

TP T TR P
0204

80.60.40.2

1
o]
Due to the limited number of pseudo-experiments
statistical fluctuations are present

To produce a robust result, the ranking of the data
likelihood-ratio is plotted for several scan points

The intersection is then computed using a linear fit
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Backup (B0 — K:.):O}l;t)

CMS results (table)

7% (GeV?)  Signal yield P P Correlations
1.00-2.00 80+£12  4+0.127035+£010  +0.10 T)37+£0.07  —0.0526
200-4.30  145+16  —0.69 7035 +£023  —057 103 +£0.18 —0.0452
430-6.00  119+14  +053 103 +019  —0.96 137 +£0.25 +0.4715
6.00-8.68  247+21  —047 103 +0.15  —0.64 )13 +0.13 +0.0761

10.09-12.86  354+23  —0.53 7039 +0.15  —0.69 1} +£0.13 +0.6077

14.18-16.00  213+17  —0331033+£0.20  —0.66 703> +£0.18  +0.4188

16.00-19.00 239 £19 —0.53£019+0.16 —0.56+0.12+0.07 +0.4621
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Fit Projections
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Backup (B — K™ “pp)

Fit Projections

ous st @Ton ws wst@Ton 1 o 0stwTan g cus st Ton
P ey v om 2 Forgmeman o B e o APy o
GropecTeamey o g eramey o § Lo o e o
g S Comenty aggeosnat | S S Comecy taggodsnal H S Conecy aggeasgral | S 12 S oty taggodsnal
& ool 555 tisagged sipat 3 sl 555 wsontd sana 84 555 wsonts sana 3 2 Vaoond s
S Q- B F 277 Background b4 277 Background H = . 777 Backgrouna
E \! Fa . S0l
\ « £1d '
£ H o8t
2 i
) =+ 44 o o \
N\ AN )
T L e T WT L
m{K'aw'w) (GeV) cos(6 ) m(K'aw'w) (GeV) cos(6 )
msw 1o s 5wt 1 oms mmiern g ous 05w 0T
S soFocqeomonr DR 3 s o< essecon O S megermow o 3 e aerainoow o
= 80 W\ Comrectly tagged signal 8 70} AW Correctly tagged signal =18 saw Correctly tagged signal G12E S Correctly tagged signal
2 7o) 227 Wistaged sral 3 6ol 272 Metaggod sgnal 214 277 Mietaggod sgnal s £ 9272 Wetagged sgnal
N 7 s < 7 £ 7 E g ey
H 3 50 H 3
F e 08 2
30 0.6}
20 0.4
10 o
DM p \\Y}
6 L 152 25 3 ¢ 08 1
Goxte) " (adians) Cos(6) " (radians)
us 051w T00) cus w500 s msm 1w ws 0510
@ [ Ty ovr Daa 3 <7< 16 Gov? Daa 3 gof 1ete<gi< v o
Bk o< o 5w wieceea o § o wreco=ren o
S ek S Corecty taggedsnal p S Comocy ggeasgra | S | S oty taggedsnal
3 55 wsonia sana g 555 wsonsd sara 3 5 Vanona sora
2 P ons g T i 2 7 e
§ oof g 5
o t } g4
« 1 i &%
T e 2
3 10 N
S e @04 02 03 04 05 06 07 08 09 1 © 05 06 07 08 09 1
mlK'xu'w) (GeV) cos(6 ) cos(6 )
cus msw e cus msweTen s mswieten s 5w 0T
= [rom<g<ioscer + Daa B120f 1009 < g < 1286 Gev: Data = gof 1418 < <16Gev: Daa 3 60F 1418<qr< 16.0ev: + Daa
Siook 10.09< ¢#<128 G o Br2op 1009 <" <1280 L Totaint 5 S0 14te<rete0e IR g eatsieos al it
& S Comcysggessra | 2, E S Corecly taggd snal B S Corscy aggedsgral | B gof- S Corecty taggedsnal
3 522 Misgued s s 5% Vistaogea sanal 2 2% Wi saral s 222 Wesagond sana
£ e 7 i < 7 H 7 £ 3 27 aroina
5 3 of e < 40}
H 3 i H 2
B } . fo4od
W}, - 20} 20}
2f- 1o - i
o A AN\ o N\
¥ L 1 T2 %108 06 04 02 0 02 04 06 08 1

25 3 © o5 1 15 2 25 3
¢ (radians) <08(6)  (radians)

niversita & INFN Padova) B — K™ up at CMS BEAUTY2019 13/20

6 08
<08(6)

A. Boletti




Backup (B[J — K’:Oﬂ/:.)

Decay rate
dM0BY = K%ty 9 - Decay rate involving b
dg? a0 3o Zqzﬂ) T quark, ie. B%a meson
T
dBD — K*%ut ) 9 =1 5 = Decay rate involving boar
dg? dg :32_71' Zq Q) quark, i.e. B®meson
T

" and I"uar: expression of the decay
f(ﬁ): combinations of spherical harmonics
land Isa: g2-dependent angular parameters (combinations of six complex decay amplitudes)

1 dT+T) 9 [3 9 2
AT +T)/d¢® dgdfd _327{1(1751“ Pt B coOn

1 ;
+ Z(l — Fp) sin® 0 cos 26;

2 . L2 w2 X
Assumptions / simplifications: — FLcos™ O cos 2, er O sin” 0 cos 2
CP-averaged measurement . \ . .
Sylsin 260 sin 26, cos S5 8in 20 sin 6 cos
Massless limit, i.e. g2 » 4m?, + K (cos & + K ! ¢
4 .
+ g sin? g cos 6 +:-;in 205 sin B sin ¢
8 independent angular parameters +sin 20 ¢ sin 20 sin ¢ + sin? Ay sin? 6 sin 2;!)]
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Backup (B[J — :0;1/1.)

Decay rate

éFL sin® Ok + Fo cos’ O

Decay rate parameterisation 2

d°r 9 {
(JHEP 01 (2013) 048)

dq? dcos i deos ) d¢ “3r

-%-(%FL sin® fx — FL cos? k) cos 26, + %PlFL sin? fl sin® 6 cos 20

— (1 _, ,
For example Py = Ss +vF FL (EF“Q sin 20 sin 20 cos ¢ + P sin 20k sinf); cosrp)
vFL(1 - F) 1
—/F.FL (Po sin 20 sin 0 sin ¢ — EP;, sin 20 ¢ sin 26, sin .p)
p.wa
+2P,F  sin20k cos ) — P+F sin® O sin? 0 sin 2| = _dMPam
dg2dQ

Two channels can contribute to the final state K* 1 p* p-:
P-wave channel, K+ 1t from the meson vector resonance K*© decay
S-wave channel, K+ Tt not coming from any resonance

We have to parametrise both decay rates |

Both S-wave and S&P
dg2dQ dg2dQ wave interference

dr"TmaI =(1 _ dr"P-wave + dr"S/SF-wave
dq?dQ

in 0k sin 26, cos ¢

sin® 0y cos Oy + A}
' " . 6 independent

sin @ sin 26 sin ¢] parameters

nfg sint; cos¢ +

A. Boletti (Universita & INFN Padova) B — K™y at CMS BEAUTY2019
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Backup (B+ — K+}l;t)

Efficiency parameterisation - BT — K™
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Backup (B+ — K+}l;t)

Fit projections - B™-candidate mass

A. Boletti
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Backup (B+ — K+}l/t)

Fit projections - cos ),

A. Boletti
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Backup (B+ — K )

Fit results - BT — K"

7 (GeV?) Ys Arp Fu F(EOS) Fy(DHMV) Fy(FLAVIO)
1.00-2.00 16922 008732 +005 02170274039  0.047 0.046 0.045
2.00-4.30 33132 -0.04512+£0.07 085103 +014 0.024 0.023 0.022
430-868 78542 0007091 +002 00124004 @ — 0.012 0.011
10.09-12.86  365+29  0.00 £33 +£0.05 001 9% +006  — — —
14.18-16.00 215+19  0.01 *J9¢£0.02 0.03 175 +£0.07  0.007 0.007 0.006
16.00-18.00 26221  0.04 F095£0.03 0.07 39 +£0.07  0.007 0.007 0.006
18.00-22.00 226+20  0.05 000 +£0.02 0.10795+0.09  0.008 0.009 0.008
1.00-6.00 778447 —0.14 7007 +£0.03 038017 +£009 0025 0.025 0.020

1.00-22.00 228673  0.007092+0.03 001750 +£006  — —
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Backup (B+ — K+;1,;t)

Experiment comparison
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