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Introduction

Introduction

e Flavour-changing neutral current decays " - 1*
b—slT0 are doubly suppressed in the Standard
Model L - wis Y e

@ Good laboratory to probe new-physics effects, ) ”;”_ b heu s
through angular analysis and branching fraction - 7 7 7

measurement
@ The pseudoscalar BT — K™ pup decay
e muon direction defines one angular variable
o allows measuring the muon forward-backward asymmetry
@ The vector-state B — K" i1 decays
e muon direction and K* polarisation define three angles
o allows measuring a large set of angular parameters,
sensitive to Wilson coefficients C§/), C(/), Cﬁ,), Cg’)P
@ 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 with Run 1 data

-

[ Phys Rev D 98 (2018) 112011 ]
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BT — K*Tpu analysis

+ — .
B™ — K* "~ angular analysis CMS-PAS-BPH-15.009

@ Fully described by three angles: 6,0y, ¢ and ¢° = M.,

@ Angle ¢ is integrated out, leaving the decay rate:

1 adr 9 [1

2 2
=—|-(1—=F)(1—cos” O ) (1+cos” 6
dr/dg® dg°dcos6;d cos e~ 16 L2 ( )( )

4
+2Fy, cos® Ok (1 — cos? 9,) + gAFB(l — cos® 0y ) cos 9,]

@ Measured the fraction of longitudinally polarised K**, F., and
the forward-backward asymmetry, Arg

@ The ¢ range has been divided in 5 bins

@ 3 signal bins, in each of them the angular analysis is performed

independently . . q2 bins [GeVQ]
@ 2 control-region bins, covering the two resonant decays oo

* ; 1. - 8.
BY = JK*" and BT — ¢ (25)K*" 100009 1826889
.. . 2 . - .
@ the analysis is also performed on the whole signal g° spectrum 14.18 — 19.00
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Bt — K*+/1u, analysis

Selection criteria

[Dedicated HLT trigger path: low pt dimuon, forming displaced vertex, low invariant mass J
(o ) Selections on momenta and B-vertex quality
* M M M . . .
K™ reconstructed using its decay in K and displacement have been optimised
@ K, decay in 77 is forming a two-track to maximise signal significance

vertex displaced from the B-decay vertex

. . . Contamination from resonant J/1 and
@ mass and vertex quality requirements applied ¥(2S) d db bined cut
«+ : ecays remove combined cuts
to K, and K™ " candidates 5 Y T Y
on g° and m(B™)

@ veto applied to exclude A — pr decays

CMS Prellmlnary 20.0 fb (8 TeV) CMS Prellmlnary 20 0fb? (8 TeV) CMS Prellmlnary 20.0 b (8 TeV)
T T T
% 1 << a 68 Gev2 t Data i 40 710 09 < q2 <12. ae Gev2 { Data 7 i 40*14 18< q2 <19 GevZ 1 Data 7
O gl —Totalfit o — Total fit 0] — Total fit
S L2 signal S sl == signal S sl == signal
o ckgr o -+~ Background o -+ Background
S «X Signal yield®22 < S \ 1
g g SY: 26/ ¢ SY: 45
3 2 S 10 3 =} ]
k=] =] =]
c c c
078 5 5.2 54 5.6 5.8 038 5 5.2 5.4 5.6 5.8 48 5 5.2 5.4 5.6 5.8
0 0 - 0. -
mKJTpp) [GeV] mKJrpp) [GeV] mKJrpp) [Gev]
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BT — K*Tpu analysis

Efficiency parametrisation

Efficiency described by 2D function

using simulated sample.

Two steps:

@ For each angle, 1D

polynomial or
combination of

Gaussian functions

o Correlation term with
product of Legendre
and ordinary
polynomials

g(cos Ok, cos b)) = e1p(cosbOk)-e1p(cosd,)-[1 + C(cos Ok, cos 6,)]
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BT — K*Tpu analysis

Fit algorithm

p.d.f.(m,cosfx,cos;) = Ys-S"(m) - S?(cos b, cos b)) - €(cos by, cos ;)
+ Yg - B™(m) - B%(cos6,) - B%(cos )

@ Signal pdf component

e double Gaussian mass shape with parameters determined on MC
e decay rate and efficiency functions as in previous slides

@ Background pdf component

e exponential mass shape
e polynomial or Gaussian or exponential shapes combined for the angular shape

@ Two-step fit performed:

o fit m side bands to determine the background angular shape (fixed in second step)
o fit whole mass spectrum with 5 floating parameters (2 yields 4+ 2 angular param + bkg slope)

@ Unbinned extended maximum likelihood estimator used
@ Statistical uncertainty using profiled Feldman-Cousins method
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BT — K*Tpu analysis

Fit projections and systematic uncertainties

e A
CMS Preliminary 20.0 b (8 TeV) CMS Preliminary 20.0 fb* (8 TeV) CMS Preliminary 20.0 b (8 TeV)
% 40F1418<?<19Gev? + Data ! 5 20f-14.18 <2< 19 Gev? 1 Data B g 20F14.18 < <19 Gev? t Data 4
] E — Total fit S — Total fit S — Total fit
g 30k == signal = b == signal B = 5 == signal 1
o [ - Background 2 - Background ] 4 - Background
% } % 10 \ ‘: é 10 4
c C
3 5 . } 1 &, }
% b © \ | l 1% o \
o 0 4.8 é 5.2 3.4 5.6 58 0—1 —6.5 0 O.S"N 1 o—1 . -0.5 6 0.‘5 1
m(K STru*p’) [GeV] cos 6, cos 6
Fit projections shown in correspondence of the signal region
(. J
' A . . .
Source Apg (1073)  F (1073) Dominant systematic uncertainty
MC statistical uncertainty 12-29  18-38 from background angular description
Efficiency model 3-25 4-12 taking into account:
Background shape 34-170 46 -121 @ Function choice
S-wave contamination 4-22 5-12 o Extensi f the sideband i ¢
- - xtension of the sideband in mass spectrum
Total systematic uncertainty | 42 -174 55-127 P
N\ J @ Propagation of sidebands’ statistical uncertainty
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BT — K*Tpu analysis

Results
CMS Preliminary 20.0 o™ (8 TeV)
WL ‘ "®Data |

10 15

o? [GeV?]

1CMS Preliminary 20.0 tb™ (8 TeV)
ST T
0s5F i .
o —+- ]
05 @Data’:
&SM ]

- 5 0 15
@ [GeV?]

@ Inner error bar is statistical uncertainty

@ Full bar is total uncertainty

@ Results compatible with SM predictions within uncertainties
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SM predictions from:
[ JHEP 12 (2014) 125 |
[ Phys Rev D 99 (2019) 075017 ]
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Prospects for BY — K*o/:;: analysis at HL-LHC

Prospects for B® — K*O,uu 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 (LIP)

b — s transitions at CMS

Report: CMS-PAS-FTR-18-033
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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
@ Systematic uncertainties based on data N
control channel scaled according to statistics 0.5~ %
I ] | —— |
@ Other systematic uncertainties scaled =~ 1
by factor of 2 -
@ Total uncertainty is expected to improve
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

o? [GeV?]
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Summary

FCNC rare decays have been extensively studied in Run 1 CMS data

e B> K*Ouu angular analysis to measure F;, App, P; and Pé(

N
@ B — K" angular analysis to measure Apg and Fg 3 10°
+ . 91
@ New results shown here on BT — K* " 1111 angular analysis 2
to measure F; and App g
0 .
@ Prospects of B® — K* e angular analysis in HL-LHC :
1
10°
1 L 1
. 1 0 10°
Currently working on Run 2 data L \ W invariant mass [GeV] |

o dedicated trigger requiring two muons + 1 track with common vertex J
@ more decay channels to be explored

@ Stay tuned
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Backup slides

A. Boletti (LIP)



Backup (BT — K* T pup)

Selection criteria

— - - N\ )
Trigger requirements: Kg reconstruction:
o i . .

two muons with py > 3.5 GeV and |n| < 2.2 @ 7 tracks with at least 6 hits in tracker detector
@ common vertex with X2 probability > 10% @ 7 track fit with Xz/dof< 5
@ vertex 30 displaced from beamspot @ 7 transverse distance from beamspot > 20
@ dimuon system with pr > 6.9 GeV @ 7 — 7 closest approach < 1 cm
@ 1GeV < m(up) < 4.8 GeV @ 7 — 7 vertex has Xz/dof< 7
@ cosa > 0.9 of angle between dimuon momentum and @ 7 — 7 vertex 150 displaced from beaspot

beamspot-to-vertex segment o
\(reapplied to offline muons, which are matched to trigger muons) ) g |m(mm) — mPDG(KS ) <173 Mev

@ [1.11,1.125] GeV mass range vetoed, with proton-pion mass hypothesis
N

Selections optimised for expected signal significance: |m(K£Tr) _ mPDG(K*+)| < 100 MeV

0

@ pr(K%) > 1Gev 476 GeV < m(KJmup) < 5.8 GeV )
o pT(ﬂK*) > 0.4 GeV p
° ( ) Removed events with dimuon invariant mass in

d,, (7 %, beamspot) > 0.40

Xy K Q@ myy —50g <qg<myy+30g

+ 2

@ B vtx x“ prob > 10% o mys)y — 304 < g < my(os) + 30
@ BT vix 120 displaced from beaspot Anti radiation diagonal cut:
o

cos a > 0.9994 of angle between B' momentum and beamspot-to-vertex | (@ \(m(K?Trp.u) - mPDG(B+)) — (g —my/y)l > 0.09 GeV
segment

@ |(m(KSmpp) — mppg(BY)) — (g — my(as))| > 0.03 GeV

kMultiple candidates per event: best vtx X2 is kept

J
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Backup (BT — K* T pup)

Efficiency projections on cos 6,
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Backup (BT — K* T pup)

Efficiency projections on cos 6,
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Backup (B+ — K*+u;z)

Fit projections - q2 bin 1

CMS Prellmlnary 20.0 fb1 (8 TeV) CMS Prellmlnary 20.0 fo1 (8 TeV)
n T n T
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Backup (B+ — K*+u;z)

Fit projections - q2 bin 3

Signal region + sidebands —

Candidates / 0.04 GeV

30

20

10

CMS Prellmmary 20 0fb? (8 TeV)
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Backup (B+ — K*+u;z)

Fit projections - q2 bin 5

CMS Prellmlnary 20.0 fb1 (8 TeV)
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Backup (B+ — K*+u;z)

Fit projections - Full q2 spectrum

CMS Preliminary 20.0 fb1 (8 TeV) CMS Preliminary 20.0 fo1 (8 TeV)
n T T T [Te) C T T T
. . . N 200[-1 <2< 19 GeV? { Data B N [1<qg<19GeV? i Data ]
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Backup (BT — K* T pup)

Table of results

Table 2: The signal yield with statistical uncertainty and the fitted Apg and Fj values with
statistical and systematic uncertainties, for each g% range.
7* (GeV?)  Signal yield Apg F
1.00-8.68  221+81 —0.14773 +0.17 0.6075; +0.13
10.09-12.86 259+63  0.097719+£004 0.887019+0.05
1418-19.00 451+£80 03370, £0.05 055707 £0.06
1.00-19.00 90.0+135 0175000 +£0.08 0.715035 +0.06
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Backup (Previous CMS results)

0 x0 0 0 D 2011 data: Phys. Lett. B 727 (2013) 77
B" — K LU with mtegratlon over ¢ 2012 data: Phys. Lett. B 753 (2016) 424
205" (8 TeV)
. $ 7
@ Two analyses performed and published by CMS » —— %
with 2011 and 2012 data 02 7 Com.tese )
-TE X ( SM, Lattice )
@ The parameter space was reduced by integrating over L R S R (I ‘1130‘,2‘((;1&\3/‘2)
e
the ¢ angular variable )
" 1CI\_II*S‘:Dt 2051fb "' (8 TeV)
. . . . i ata
o Arg and F; parameters and differential branching fraction = 98 z(smicsm
d 0.6 ( SM, Lattice )
were measure e
@ No deviations from SM prediction t
Al Lo Lo b Lo Lo Lo L 1o
2 4 6 8 10 12 14 16 18
7 (GeV?)
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Backup (Previous CMS results)

0 x0 + - . . ) . Phys. Lett. B 781 (2018) 517-541
B — K (892)IM 1% with variables foldlng arXiv:1710.02846
o £ o 1.5

3F +cMs & +cMs
255 ~#LHCb - —LHCb
25 SM-DHMV N - Belle
15F 0551 Y sm-DHMV
23 o >"
055 1 T F
E F ke
0 -0.5- N Frs-
051 .—iF' N —1; D \\\\\\\\ H b
-1 r
_152\\\\\\\\\\\\\\\\ P PRI BRI B _151\\\\\\\\ | P PITIN EFREIN BI
20 2 4 6 8 10 12 14 16 18 20 2 2 4 6 8 10 12 14 16 18 20
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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B™ — K" angular analysis

Backup (Previous CMS results)

Phys. Rev. D 98 (2018) 112011

arXiv:1806.00636

CMS 20.5 fb* (8 TeV) 15CMS 20.5 ™ (8 TeV)
m L .u_
< 04F 4+ Data L 4 Data
C . — DHMV
02f e
o | —— 4+t
- 5_
-02f B
_0.4'_ O-_ ————  —é— it
PP B SR S B I PP B .|....|.
0 10 15 20 0 10 15
@ (GeV?) @ (GeV?)

@ Inner error bar is statistical uncertainty

e Full

bar is total uncertainty

@ Results compatible with SM predictions within uncertainties
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