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Why B° — K*[— K n jutu=?

Standard Model

e —

New physics scenario
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> A b — su™ ptransition requires a flavour-changing neutral
currentoy forbidden at tree-level in the Standard Model (SM)

> As suppressed in the SM more sensitive to New Physics (NP)

> As NP particles appear virtually can probe heavier NP scales
than those accessible via direct searches
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b — su™ 1~ transitions in effective theory

(e e
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» b — sy u” transitions can be described using an effective
field theory approach

> Effective field theories: only calculate the relevant
ohenomena for a given energy scale

Example: Fermi’s constant

> 2 > >
W > Gr
An example of a % v | ower energies 7
well-known \\
effective theory =

P (d
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b — su™ 1~ transitions in effective theory

it Vector / I w

[process also possible via
box diagrams]

Axial-vector _

T

— C7

Factorise out the loops and
replace with an effective coupling
(Wilson coefficient)

14

-

» As the Wilson Coefficients [C}] describes the loops, they are
sensitive to New Physics
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b — su™ 1~ transitions in effective theory

(e e

S— — — ]

» Can write Hamiltonian as combination of these Wilson
coefficients, C; [short distance] and operators, O, [long
distance, low energy]

> As the operators O; describe low-energy QCD (described
using form factors) they have large theory uncertainties.

4G
Hefr = = Vi Vs > (Ci0; + C0O;)

e

This is what we want to access....

Local operators describe non-perturbative QCD,
large theory uncertainties
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(a) Ok and 6, definitions for the B° decay (b) ¢ definition for the B° decay
Why angular analysis?

» Angular analysis: measure the rate of a decay process as a
function of the angles of the final decay products

» Compared to measuring the decay rate alone (i.e. the branching
fractions), angular analysis can give access to a large range of
observables with reduced theory uncertainties

» Can help deduce nature of new physics models



Angular analysis and B® — K*°u*pu~
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» The K*” meson is a vector with spin 1: 3 polarisations
» This allows for a rich angular structure

> The K*%is reconstructed easily at LHCb via K* — K7~
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Previous LHCb measurement

(Run1 data only)



Distinctive local tension in P;
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Distinctive local tension in P;
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Angular analysis also performed by other collaborations

5.‘ L L L B
N o LHCbdata © ATLAS data ]
Ilr_-:zb-’l— = Belledata <© CMS data i

0.5 — SM from DHMV ]
?f ——s /] SM from ASZB 7
. JHEP 12 (2014) 125, JHEP 09 (2010) 089, _
0 JHEP 08 (2016) 098 , Eur. Phys. J. C75 (2015) 382
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Belle: PRL 118 (2017), CMS:PLB 781 (2018) 517541
LHCb: JHEP 02 (2016) 104, ATLAS: JHEP 10 (2018) 047
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Overall tension seen with the SM

The value of the Wilson Coefficient Re(Cy) obtained from the last LHCb

ess——

result was 3.40 (p-value:~0.0008) from the SM prediction when assuming
the observations could be explained with a shift in Re(Cy) alone.

LHCb: JHEP 1602 (20146
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Shlft Ig Re(Cg) seen Iin global flts

3F
:
: ATLAS,
1‘ . Belle -
: CMS
£o_J LHCb
>3 0 p- A
\® |
=1 i
Shift in Re(C9) favoured |
_9l |
| arXiv:1903.10434
-3 -2 -1 0 1 P 3

NP
Coy,
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> Global fits performed to a
complete set of b — slI
measurements (rates,
angular distributions)

> Fits yield up to 3-5 ¢
deviations in Wilson
coefficients!*]

> Many global fits out
there!

Non-exhaustive list of global fit examples: Eur. Phys. J. C79 (2019) 714,
Phys. Rev. D100 (2019) 015045 Eur. Phys. J. C79 (2019) ,Eur. Phys. J.
C79 (2019) 840, JHEP 06 (2019) 089

[*] dependent on assumptions used in global fit
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The LHCDb detector



The LHCDb experiment
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ECAL M35
SPD/PS M3 Bl
Magnet RICH2 M1 M2
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Tl

RICHI
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rte |
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Int. J. Mod. Phys. A 30 (2015) 1530022
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The LHCDb experiment
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The data set



Data taklng during Run 1 + 2

e ]

We use 2011, 2012 (Run 1) and 2016 for thls analy5|s

20182 )12

.............................................................................

= 2.3 . 2018 (6.5 TeV): 2.19 /b

&= ; 2017 (6.5+2.51 TeV): 1.71 /b + 0.10 /b
T 245 - 2016 (6.5 TeV): 1.67 /fb

> 2015 (6.5 TeV): 0.33 /b

% 1.8 2012 (4.0 TeV): 2.08 /b

2 2011 (3.5 TeV): 1.11 /b

[= 16_ 2010 (3.5 TeV): 0.04 fi
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2011, 2012 and 2016 data collected from proton-proton collisions with
centre of mass energies of /s = 7,8 and 13 TeV respectively

Increase in /s : adding 2016 data roughly doubles statistics (4.7 fb-1)
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Selection of candidates

e — E— E— ]

daughter tracks

B’ - K*°(— K*tn7)utp~ candidates

» Selection: require significant b hatts:-

impact parameter (IP) for daughters, IP\y P

and Smal I I P for B meson + qual Ity Impact Parameter: small for candidates coming

ve rteX directly from from PV, large for candidates which
aren’t

» Particle IDentification is used to  Examples of peaking backgrounds
/ . //
suppress “peaking backgrounds 8 g Kt

> Mach!ne learning multivariate B T (K n (s KDt
techniques employed to suppress . 0901 (s Y Rt
combinatorial background » > o020 KF (= m) Kt
— = Misidentification

— e e — ]
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The regions we probe in ¢°

$(1020) Signal

C-f-') C’é’) C’é’) and 01(6)

interference Long distance

contributions from CC
above open charm
—>

threshold

------------------------------------------------

. b — sy decays: signal

Look at signal in these ¢~ regions
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Binning In q°

Bin ¢* range [GeV?/c*
e » BY 5 K*09(1020)(— ptp)
2 :1.1’ 9 5: e ssssss s 5
3 2.5,4.0
Aoy w060 Control channel
O 6.0,8.0  [8.0,11.0] GeV?/c* :
6 11.0,12.5 B K=t
7 15.0,17.00 T
8 17.0,19.0 B = K*p(2S) (= )
g T80 oo AvE) ) |
Wide bins 1 15.0,19.0

Analysis is performed blind, control channel is used to validate the fit
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Signal yields

[ e e e —— e S e e - e S e e e I )

» Adding the 2016 data we roughly double the number of
signal candidates

N S : L | : = N 300_ | | . J | . -
. LHCbRun1{ = [ LHCb 2016 -
Q = . QO ~ .
= 300 = > r .
[ 1 o T 7
o | 2398 =97 | v 200 2187 = 53 7
2 200 st -
= i = [ i
) | e P =
o B < 100 —
= 100} s L ]
» - @ [ ]
0 0 .
5200 5400 5600 5200 5400 5600

m(K ' utu) [MeV/c?] m(K 'z~ utu™) [MeV/c?]

Yields excluding all the charmonium and light resonance regions

Remaining background is combinatorial only
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Angular description of the decay



B® — K*[= K n~]u" .~ angular description

[ e e e ——— e S — e e —— e S ——— e ——— A ——— e e ]

» Decay rate fully described by:

(a) Ok and 6, definitions for the B decay (b) ¢ definition for the B® decay

d‘T[EO _y 0 s
dg2 d$)

= L))

angular coefficients
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B® — K*[= K n~]u" .~ angular description

[ e e e ——— e S — e e —— e S ——— e ——— A ——— e e ]

What are angular coefficients?

> Angular coefficients are combinations of the different /X"

amplitud\es
I \ I;(q%) fi(©)
1s 3 [JALR + AL P+ |ARP + [AR2]  sin? 0
lc  |AF|? + |AR? cos? O
25 1 [|Aﬁ‘ 2+ |AY 2 + |A + | AR ] sin? O cos 26,
2% —|A§% — |AR|? cos? O cos 20,
3 3 “.A 2 — A2+ |AT? — |AF 2] sin? O sin? 6; cos 2¢
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B® — K*[= K n~]u" .~ angular description

[ e e e ——— e S — e e —— e S ——— e ——— A ——— e e ]

Where the physics lies:

> The K*¥ amplitudes are in turn dependent on

:ts and form factors (ngn-perturbative QCD)

: "4
Lv(R) ff | oreff ff | oreff V(q2) 2 el | ptef N
A =N \/ﬁ{ [(C§™ +Cg™) F (CTy +Ciy )] e q—2(C$ +Cf@}?_}_(_g__)_}

¢ e ¢ e :‘AQQ..:
AR — - rvatoy - i) { G- G5 + (G- G -
B ™m e+

llllllllll

2m o offs .
+ 2 est -t f%(q?)}

N e = e e
Bl - - { (¥ - ™) = (€5 — )

2myc-/q? LR R

.......... . * Ao(a?) :
X [(mE —mik- — ¢*)(mp +mg+}A1(g%)i— A= 20 ). ]

L]

JHEP 0901:019,2009
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The angular fit



The angular PDF: S; basis

[ e e e ——— e S e e —— e S ——— e ——— e e e )

(Perform measurement in bins of qi = m2(,u,u))

» Integrate over q°& combine BO,FOdecays > (qfnm, q?nax)
CP-averaged

- 0; basis - 8 CP-averaged observables are extracted from the fit

1 d(' +7T) 9

3 <2
— = (1 —|Fyl) sin“ 6 29
d(T" +T')/dg? dcos6; dcosfk do |, 327 i l Ii 3 (29)

—I—Elcos O + Z(l — |F1)) sin” Oy cos 26,

F'; fraction of longitudinal — E cos? Oy cos 20, + Sin2 0 x sin® 6, cos 2¢

polarisation of the K*¥ + sin 20 sin 20, cos ¢ + Elsin 20y sin 0, cos ¢

A g -forward-backward T Sin2 O cos 0 + Sin 20k sin 0 sin ¢

asymmetry of dimuon system - Sin 20 sin 260, sin ¢ + @SiHZ A sin? 0, sin 2(]5] :

— ——— R e ————— ——— R e ——— — e )
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The angular PDF: PZ-(’) basis

[ e e e —— e S — e — e —— e S ——— e ——— A ——— e i e ]

(Perform measurement in bins of qi = m2(,u,u))

:pOp o Reparameterise the fit to obtain optimised observables:

e eeeeeas * form factor uncertainties cancel at first order
JHEP 12 (2014) 125, JHEP 09 (2010) 089

7 CP-averaged observables are extracted from the fit (+F)

i

P, = =1A
Extracted by : (1 — FL) - 415 g = 24,58 :
reparametrising the P 2 App - \/FL(1 — I
fit PDF in this basis 27 3 (1—F)’ P Sy

—‘99 o \/FL(I — FL) |
PS — y
(1 — FL)

s —————— A e ————— ————— A e ————— S e )
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The angular PDF: PZ-(’) basis

[ A e e e — e e e  —— e e e e e e A )

(Perform measurement in bins of > = mi(,uu))

:pOp o Reparameterise the fit to obtain optimised observables:

e eeeeeas * form factor uncertainties cancel at first order
JHEP 12 (2014) 125, JHEP 09 (2010) 089

!LH — I‘

AL+ AR
2 53 (2)
P = =1A
Extracted by : (1 — FL) - 415 g = S48 :
reparametrising the P 2 App - \/FL(1 — I
fit PDF in this basis °7 3 (1—F)’ P St
_SQ o \/FL(l — FL) |
Ps =
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The full fit model

» Use mass shape to determine fraction of signal and
background contributions

7D‘cot — fsigpsig(ﬁa m) T (1 T fsig)Pbkg(ﬁa m)
> Assume mass and angular components independent:
Psig(ﬁa m) = 7)Sig(ﬁ) X Pisig(m)
Prig(£2,m) = Prig(£2) X Prig(m)

» Perform maximum likelihood fit

S— — — ]

nuisance parameters

— Z logptot(ﬁea me‘s’ia )_\)/)

events,e o
angular coefficients

= (cos 0, cos O, @)

[ —— i i S ———— i i S ————— i S —— S ——————— ——— ]
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The full fit model

[ e e e —— e S e e —— e S

Signal s | | 'LHCb Run 1 -
S B -
2 300 _—- LHCb-PAPER-2020-002 _|

ve
B® = K*O[% K ™ | ™ % 200f h
IS, [ _

- = o
- — : : = |:| Signal J
PSlg(Qa m) T PSlg(Q) X PSlg (7¢n) 5 100 . Background b

41 Lt 5200 5400 5600
angUIar PDF . Z th)in f?, (Q) Gauss Wlth .' "‘ m(K+]t—M+M—) [MeV/C?‘]
T radiative tail

Background ‘
Combinatorial Poke (€2, M) = Prig(£2) X Priz(m)
(random tracks 1Y
which are Polynomials (assume Exponential
incorrectly vertexed) factorisation in angles)
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The full fit model: simultaneous fitting

[ e e e ——— e S e e —— e S ——— e e e e )

Run 1 <hared Not shared

Z‘qﬁinfi(ﬁ)
1

The fit parameters for
the signal PDF are

2016 shared / shared between years
7)sig(Qa ) — sig( S1g (m)

)
) = Pbkg(ﬁ) > Pbkg(m) Not shared

A

Differences in reconstruction between years: the mass and angular
background components are not shared between Run 1 and 2016

— ——— R e ————— ——— R e ——— e e )
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The angular acceptance
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Modelling the efficiency

— — ]

> Angular and ¢” distributions will be sculpted by the efficiencies
of the selection and reconstruction.

> Parameterise this using an acceptance function

» Use different acceptance for Run 1 and 2016

R T
8 =
g -
Q —~
s T ﬂﬂ(ﬁ'ﬁ: 8 2 N x72 /.4
o | 0.1 < g* < 0.98GeV“/c
5 2 2/ 4
S osf 18.0 < ¢% < 19.0 GeV?2/c
- LHCb .
| simulation Run 1 The effl(:lenc%/ across the
0...un angles and g~ is not flat
-1 0.5 0 0.5 1
cos O,

O — —

LHCb-PAPER-2020-002

S ———— i i S ————— i S —— S ———— ——— ]
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Modelling the efficiency

[ e e e —— e S e e - e S e e e I )

» 3 angles + ¢~ = a 4-D efficiency s Pl

parameterisation £

& o5k
» Efficiency is parametrised in {2, q2 [ Lhoy
. . - simulation un
using Legendre polynomials | T
-1 -0.5 0 0.5 o 9Kl
2 2
e(cos by, cos bk, p,q”) = E Cr1.mn P(cos 0y, k)P(cos Ok, 1) P(¢p,m)P(q”,n)

k.lmmn
» The coefficients Ck,i,m,n are calculated via the method of moments using
large statistic simulation samples

1 1% [(2k+1\ (20+1) (2m+1\ (20 +1)
Ck.lmmn = N/ - wz 9 9 9 9

o
R ] Comectontosim x Plaosth )Paos s, P m) Pl )|
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The S-wave component



S-wave contribution

[ e e e —— e S e e - e S e e e e )

» Background contribution from spin 0 K7 resonances
» Must therefore include additional angular terms

» Use the m g+ distribution to further constrain S-wave

1 d(T' +7T) (1 Fy) 1 d(T'+T)
d(I +T')/dg? dcos, dcostx do |, p > d(T" +T')/dg? dcosh, dcosO do |,

+% [FS sin? 0, + Sqq sin? 0, cos Oy

)

Ex 7" P-wave _ .

EM i: Bl + Sg9 sin 26; sin Ok cos ¢

2 4_ interference + Sg3 sin 6 sin O cos ¢

E- i arXiv:1708.04474v2 + Sgusin6;sin O sin @
e

A + S5 sin 26, sin O sin @] .

= of

)

1 1 ! 1 ! 1 ] ’ ! 1 ! l 1 ! 1 I
0.6 0.8 1 1.2 1.4

mX(K*7) [GeV?/c?]

|
—
TTT

— ——— R e ————— ——— R e ——— e e )
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Systematic uncertainties



Systematic uncertainties

[ e e e —

e e e e e  ——

e e S ——— e e i e )

Summary table showing the largest value for the systematic indicated

across all the ¢*bins

Source

F1,

S3-S9

Py Py

Acceptance stat. uncertainty
Acceptance polynomial order
Data-simulation differences

< Q.01
< 0.01
< 0.01

Acceptance variation with ¢

< 0.03

m(K 7~ ) model

Background model

Peaking backgrounds

m(K 7~ pu"p~) model
K*u*pu~ veto
Trigger

Bias correction

< .01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.02

< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01

< 0.01
< 0.02
< 0.01

< 0.09

< 0.02

< 0.01
< 0.01
< 0.01
< 0.01

< 0.01
< 0.02
< 0.03
< 0.01
< 0.01
< 0.01
< 0.03

Dominant systematics in each observable category

Systematic uncertainties small compared to stat. error

e
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Systematic uncertainties

[ e e e ——— e S — e — e —— e S ——— e ——— A ——— S — e e ]

Peaking background
_O L .
Ay -p— 71 Kutu
Events are drawn from angular
distributions of peaking backgrounds B’ s B[ (K~ — 7 )(xt— KH)putpu~

neglected in the fit.
- | BY — #(1020)[— KT (— 7K |uTp~
Events are then injected into

pseudoexperiments

Bias corrections
Small biases induced by boundary effects e.g. requirement that Fs>0

If Fsis small, it is biased towards higher values, which in turn biases the P-wave

1 d(T' +T) (1 Fy) 1 d(T" +T)
d(I"' +T') /dg? dcost; dcosfi do |, p B > d(T + T) /dg? dcost, dcosbx do |,
Magnitude of P-wave biased

towards larger values

A e ————— S e )

S —————— A e ——————— ——————
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Results
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Fit projections 2016 example

e S ——— e ——— A ——— S — e e ]

—' I e e — e e — e —
~— TG TR T T R T T T T ~— i T R —'40_"| N VR TAA TR A
S 4F LHCb2016 e al LHCb2016 ] & LHCb 2016
@ [ 40<¢*<60GeV/c* @ L 40<¢*><60GeV/ct | 7 4.0< ¢*<6.0GeV/c*
= = 2
o = <
E s S
S & 8
O
-1 -05 0 0.5 |
cos b,
R QOF — 1T T 7 T T = UL [ ) ! ’ ! ’ i
S [ LHCb2016 1 S sof LHCb 2016
[} [ 40<¢?<60GeV/c? [ - 40<¢*<60GeV/c*t A
p= = )
= —
2 8
= 3
S S
= =
O O
0 0
800 850 900 950 5200 5400 5600
m(K* ) [MeV/c?] m(K*wu*u) [MeV/c?]
o o . o 2
Fit projections for the bin 4.0 < ¢* < 6.0 GeV*/¢* for 2016 data
S —————— R e ————— ——— A e ————— S e ~
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CP-averaged angular observables
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CP-averaged angular observables
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Local tension in P

[ e e e —— e S e e —— e S e e e e )

Theory predictions from JHEP 12 (2014) 125, JHEP 09 (2010) 089,

- LHCb Run 1 + 2016 -
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Local tension in P

[ e e e —— e S e e —— e S e e e e )

Theory predictions from JHEP 12 (2014) 125, JHEP 09 (2010) 089,
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4.0 < ¢ < 6.0GeV7/c - e -
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~0.5F- EEEE
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Disclaimer: 2016 data is used for illustrator 2 2/ A4
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uncertainties or bias and coverage corrections

Reduced local tension in P;, what about overall significance?
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Overall significance
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REMINDER: and theory uncertainties

[ e e e ——— e S e e —— e S ——— e ——— e e e )

In order to obtain a global significance, we fit to all the observables in
the S; basis, to extract values of Cy 1

In order to do these, we need a parameterisation of the theory
uncertainties (or so-called SM nuisance parameters)

4GF * ! A/
Hep = 7 VibVis Z(QO& + C;0;)

(4

— ——— R e ————— ——— R e ——— — e )
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Key nuisance parameter: [1] Form factors

[ e e e ——— e S — e — e —— e S ——— e ——— A ——— S — e e ]

Where the physics lies:

> The K*¥ amplitudes are in turn dependent on

:ts and form factors (ngn-perturbative QCD)
: "4
!(R) ff | oreff {f | oreff V(qz) 21 aeff | oatefl N
AL =N\/ﬁ{ (G5 + ™) = (Cff + i) i+ ?(C7+C7E)T1(Q)}
L(R) - 2 e eff  preff eff  oreff :Al(q2)
A vt — i) { [ G+ - G
- 2 e T )
N (e e e
A - N - (e
: ; Y 3 .‘A2 (qz) . ..
x [(mh — i — a*)(m +muce JAL (g A S ]
+ 2 G G (0, + 3 — P o )
e

JHEP 0901:019,2009

— —————— R e ————— ——— A e ————— — e )
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Key nuisance parameter: [2] sub-leading corrections

[ e e e — e e e e e  —— e e S ——— e e i e )

Charmonium loops + Signal mode
u, d
B t
b / S b : ' . ? ¢ g
\\\ W+ 7’ i
g J/Y T .
AN '
Y s ut
J/¢'(1S) u+

Long-distance effects that could
affect signal mode even when
outside the vetoed .J /¢ region

contributions from CC

—>q

e —
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Nuisance parameters: Now and then

ess———

» Theory uncertainties associated with form factors have decreased
since previous publication

» Parameterisation of sub-leading corrections is now more

conservative, [and the parameterisation of sub-leading corrections is more
sophisticated]

» The current LHCb analysis uses form factors and subleading corrections
from and

» The previous LHCb analysis used form factors and subleading

corrections from:
[1] arXiv:1810.08132.
[2] arXiv:1006.5013

[ —— i i S ———— i i S ————— i S —— S ———— S ]
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https://arxiv.org/abs/1503.05534
https://arxiv.org/abs/1411.3161
https://arxiv.org/abs/1310.2478

What do we include in the global fit?

[ e e e —— e S e e - e e e e I )

» Nominal fit: Use same ¢*range as last analysis = all narrow ¢°
bins below 8.0 GeV?#/c* and the wide bin 15.0 < ¢® < 19.0 GeV?/c*

[case 1]

» Repeat fit removing 6.0 < ¢* < 8.0 GeV?/c* (near to J /1
region, sub-leading corrections problematic) [case 2]

| |
Dor ; " ) Never include this region
include this
. . Cé,)
reglo; o | All global fits use CP-
Cdse — averaged observables in
the .S, basis
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Varying Re(Cy) and Re(C'p)



Varying Re(Cy) and Re(C1p)

e S ——— e ——— e e i e ]

e S — e — e ——

Run 1 and 2016 in good agreement

[ e e e ——

Case 1
Including —
6.0 < ¢* < 8.0GeV?/c* " o
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2
<
LHCb
flavio v2.0.0
—2.0 . | |

—-2.0 o —1.0 —0.5 0.0 0.5 1.0 L5 2.0
ARG(CQ)

Disclaimer: 2016-only data is for illustratory purposes and contains no systematic
uncertainties or bias and coverage corrections
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Varying Re(Cy) and Re(C1p)

e S ——— e ——— A ——— e e ]

[ e e e ———

Case 1
Including observables for Run 1 and 2016 separately
6.0 < ¢®> < 8.0 GeV?/c?
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Disclaimer: 2016-only data is for illustratory purposes and contains no systematic
uncertainties or bias and coverage corrections

e S — e e ——

Best fit point for Re(Cy) and Re(Cg) for different angular
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Varying Re(Cy) and Re(C1p)

e S e e —— e S e e e e )

[ e e e ——

Best fit point for Re(Cy) and Re(Cg) for different angular
observables for Run 1 and 2016 combined
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Varying Re(Cy) only



Varying Re(Cy) only

[ e e e ———

e S e e ——

» When varying only
Re(Cy) significances are

e S ——— e ——— e e e )

Run 1 and 2016 in good agreement

as follows

35
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» Including 6.0 < ¢* < 8.0 GeV?/c*

o

» Run 1: 3.00 (previous
nuisances 3.40)
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P: when ARe(Cy) = —1,—1.5

[ e e e ——— e S — e — e —— e S ——— e ——— A ——— S — e e ]

#== SM from Flavio A
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Disclaimer: 2016-only data is for illustratory purposes and contains no systematic
uncertainties or bias and coverage corrections

S —————— A e ————— ————— A e ————— S e )

LHCb-PAPER-2020-002 Update of the B — K*°u"u~angular analysis at LHCb 10/03/2020 Eluned Smith 59




Conclusions

» An angular analysis of the decay b
BY — K*°u* " has been performed, gk o
using data collected during Run 1

data taklng and 201 6 Measurement

of CP-averaged observables

. . . . : 0 *0 +,, —
» Tension is confirmed with 2016 data in the BY— K™ty decay

» The exact significance of the
discrepancy depends on the nuisance
harameters chosen and ¢*bins fitted f-l*n'”“;“;;';' e [f';.;l'i%i{f;tilz{??‘{i?‘;?f}?ii%‘z{:’;'?f.'.:f‘?iz.%?

(Immm' l in bins of the i iunl‘ mass s I [ the dimuon system, Contamina-
tion from (lv ith the [ .\\zxt('m iu an S-wave ('uu[iglum.iuu is taken into
a nt. Th(‘ lvlmun seen lmlw(‘vu the p s LHC l sults and the Standard
Mnxh-l prmlir( ons ]wr.\iﬂ\‘ with th dat l l pr \wnlnv of the significance

» Paper will appear on CDS and arXiv e e
shortly

Submiitted to Phys, Rev. Lett.

[ —— i i S ———— i i S ————— i

S —— S ——————— ———
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Back up slides



CP-averaged observables
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CP-averaged observables
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CP-averaged observables
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Control channel projections
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Control channel projections
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The LHCDb experiment
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The LHCDb experiment
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angular coefficients

Z L) f:(Q)) = I sin® O« + IS cos® O« + (I3 sin® O + IS cos? O+ ) cos 20,
+ I3 sin” Ok~ sin® 6 cos 2¢ + I sin 20k~ sin 26, cos ¢
+ I5 sin 20k« sin 6; cos ¢

+ (Ig sin? Qx« + Ig cos> Ox+) cos 6, + I7 sin 20k« sin §; sin ¢

+ Ig sin 20« sin 20, sin ¢ + Io sin? O~ sin? 6, sin 2¢ .
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