B°. —J/Y K'K™ and other time-dependent analyses at LHCb

Katya Govorkova
on behalf of the LHCb Collaboration

1 H - Implications Workshop
ﬁl\a Nik]|het 16 October 2019



*Overview of time-dependent analyses at LHCb
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Example of time-dependent CPV

Tree dominated decays of B’ (|§°(s)) via b = ccs transition
CP violation in interference between direct decay and decay after mixing

C
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Example of time-dependent CPV

Tree dominated decays of B’ (|§°(s)) via b = ccs transition

CP violation in interference between direct decay and decay after mixing
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Example of time-dependent CPV
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Measurement of CP violation

Master equations for time-dependent decay rates of neutral mesons
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Measurement of CP violation

Master equations for time-dependent decay rates of neutral mesons
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where CP violation parameters
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experimental effects that have to be taken care of in CPV measurements

dT
pdf o &(1) (E ® G )) (I =2w)

W - mistag probability of flavour tagging

& - efficiency as a function of observables
- decay time resolution
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CP-violating phase ¢ THCL

@ Sensitive probe of New Physics in B’ mixing
@ Precise test of Standard Model through the measurement of ¢,

[CKM fitter]
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CP-violating phase ¢ THCL

@ Sensitive probe of New Physics in B’ mixing
@ Precise test of Standard Model through the measurement of ¢,

[CKM fitter]
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CP-violating phase ¢ THCL

@ Sensitive probe of New Physics in B’ mixing
@ Precise test of Standard Model through the measurement of ¢,
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Measurement of ¢s at LHCD
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Measurement of ¢s at LHCD
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Measurement of ¢s at LHCD THCL
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Analyses strategy THCL

B°.—~J/Y K'K B°.—~J/p n'n”
EPJC 79 (2019) 706 To appear in PLB 797 (2019)

Using 2015 (0.3 fb1) and 2016 (1.6 fb") data
measure ¢s, |A| and

X
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Analyses strategy THCL

B°.—~J/Y K'K B°.—~J/p n'n”
EPJC 79 (2019) 706 To appear in PLB 797 (2019)

Using 2015 (0.3 fb1) and 2016 (1.6 fb") data

measure ¢s, |A| and
Alsandls - 'ge .

to test the Heavy Quark Expansion
prediction of [/ ge = 1.0006 £ 0.0025 [ref]

X
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B°.—~J/Y K'K B°.—~J/p n'n”
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Using 2015 (0.3 fb1) and 2016 (1.6 fb") data

measure ¢s, |A| and
Alsand ls - Tge . - Tge

to test the Heavy Quark Expansion since the final state is almost
prediction of s/ 'ge = 1.0006 = 0.0025 [ref] entirely CP-odd
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Analyses strategy THCL

B°.—~J/Y K'K B°.—~J/p n'n”
EPJC 79 (2019) 706 To appear in PLB 797 (2019)

Using 2015 (0.3 fb-") and 2016 (1.6 fb-") data
measure ¢s, |A| and

Alcand Tl - [ge . [H- o
to test the Heavy Quark Expansion | since the final state is almost
prediction of I's/ I'ge = 1.0006 = 0.0025 [refl: entirely CP-odd

Simultaneous fit to the decay time and three
helicity angles

X
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Analyses strategy THCL

B°.—~J/Y K'K B°.—~J/p n'n”
EPJC 79 (2019) 706 To appear in PLB 797 (2019)

Using 2015 (0.3 fb-") and 2016 (1.6 fb-") data
measure ¢s, |A| and

Alcand Tl - [ge . [H- o
to test the Heavy Quark Expansion | since the final state is almost
prediction of I's/ I'ge = 1.0006 = 0.0025 [refl: entirely CP-odd

Simultaneous fit to the decay time and three

helicity angles
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Analyses strategy THCL

B°.—~J/Y K'K B°.—~J/p n'n”
EPJC 79 (2019) 706 To appear in PLB 797 (2019)
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Measurement of ¢s

Selection Decay time
resolution
TD fit for
ng |>\| Ars rs/H B rBO
\
Flavour \ Selection
tagging \ efficiency (Q)
Decay time
efficiency
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Measurement of ¢-

Selection

/
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Selection and mass fit THCL

B°.—~J/Y K'K B°.—~J/p n'n”
EPJC 79 (2019) 706 To appear in PLB 797 (2019)

Boosted decision tree is trained to select signal candidates
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Selection and mass fit THCL

B°.—~J/Y K'K B°.—~J/p n'n”
EPJC 79 (2019) 706 To appear in PLB 797 (2019)

Boosted decision tree is trained to select signal candidates
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Measurement of ¢-

Decay time
resolution

P
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Decay time resolution THCL

B°.—~J/Y K'K B°.—~J/p n'n”
EPJC 79 (2019) 706 To appear in PLB 797 (2019)
O = 45.5 fs O = 415 fs

G%Am2
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Measurement of ¢-

Selection
efficiency (QQ)

N A

Decay time
efficiency
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Selection efficiency THCL

B°.—~J/Y K'K B°.—~J/p n'n”
EPJC 79 (2019) 706 To appear in PLB 797 (2019)
Data-driven approach By
: 0 X Bg BY Esi (t)
using B .—>.J/L|) K (893) €4 (1) = €gpeal(t) X 585;1@)
Method is verified with B" and B* sim
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Selection efficiency THCL

B°.—~J/Y K'K B°.—~J/p n'n”
EPJC 79 (2019) 706 To appear in PLB 797 (2019)

Data-driven approach By
BO 0 .2 (T
using B°~J/y K*(892) e (1) = Effata(t) X sim (1)
Method is verified with B° and B* Esim

Kinematic selection and detector acceptance are
causing non uniform efficiency as function of decay angles
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Measurement of ¢-

Flavour
tagging

N A
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Flavour tagging THCL

B°.—~J/Y K'K B°.—~J/p n'n”
EPJC 79 (2019) 706 To appear in PLB 797 (2019)

G%Amz

o) ~ /N Q1 =53

The effective tagging power is defined as Qeff = emg(l — 260)2

where ¢, is tagging efficiency and (1 — 200)2 is dilution

InRunl QO =3.73 % In RunT Q. = 3.89 %

%
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Measurement of ¢-

TD fit for
Qbs |}\| Ars rs/H B rBO

\

\
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Combination of LHCDb results on ¢s

$s = —0.041 % 0.025 [rad]
Al = 0.993 + 0.010
AT = 0.0816 + 0.0048 [ps~']
M= 0.6562 + 0.0021 [ps-]

¢s 0.10 from SM T o1 LHCb
consistent with Standard Model ; o P Z‘;””g 2019
¢s1.60 from O a2l PTTIR T

consistent with no CPV in interference 010 ¥(28)¢ 3 fb~!

between direct decay and after mixing '
IA| consistent with 1 within 0.7c 0.08| kK- 4.9 ford

consistent with no direct CPV |

[/Tge consistent with HQE prediction A =

within To EPIC 79(2019) 706 > o o rad]
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Measurement of g sssdd/v)

Dominated by penguin b - ss§(da/v) transition

In the first order

& SM arg VisVi, ViiVip —0 b W S
S VsV VisVis
s(d)

B’ — (K*m)(Kn)

Runl JHEP 03 (2018) 140 \\s(d)
B — oo

Run1+2(15,16) arXiv:1907.10003 S S

0
B s @Y €
Run1 PRL 123 (2019) 081802
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¢s from b — sss(y) transition

B> @y B®— (K*m™)(K~m*) Bos — QO
PRL 123 (2019) 081802 JHEP 03 (2018) 140 arXiv:1907.10003

Based on Run1 (3 fb-1), 2015 (0.3 fb")
and 2016 (1.6 fb-1) dataset

Based on Run1 (3 fb-1) dataset

See talk by Vitalii Lisovskyi
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Complimentary search for

The longitudinal polarisation
B°decay mode

The SM predictions for the S, C and A fraction is measured

in B’s— @ vy are close to zero [ref]

fr, = 0.208 £ 0.032 4= 0.046 B(B® — ¢¢) < 2.7 x 107%at 90 % CL

Sy = 0.43+0.30+0.11

Cyy = 0.11+£0.29 + 0.11

AL = —0.67107] +0.17

$ssdd= —0.10 £ 0.13 + 0.14 [rad]
I\l =1.035 + 0.034 + 0.089

¢psss =—0.073 £ 0.115 + 0.027 [rad]

m(K* K %) [MeV/c?] i
I\l = 0.99 + 0.05 + 0.01
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https://indico.cern.ch/event/769902/timetable/#10-rare-decays-at-lhcb-205
https://arxiv.org/abs/1907.10003
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.081802
https://www.sciencedirect.com/science/article/pii/S0370269308005819?via=ihub
https://link.springer.com/article/10.1007/JHEP03(2018)140

Measurement of sin(2p3)

Decays of B’ dominated by tree b = ccs(d) transition

V_ V# b S R C
ViaVis [CKI\/I ﬂtter] C

sm(ZB) = sm(Z(I)l) @ d < d

'ﬂ 0.69 +0.03 + 0.01
PRD 79 (2009) 072009 g
BaB E . 0.69+0.52+0.04+0.07
PRD 80 %005‘) 112001 | 1
BaBar J/y (had Kq : 1,56 % 0.42 + 0.21
PRD 69 (20(54)5l osrcz)gtl)i) ; ; 0
Belle : § | 0.67 +0.02 + 0.01 BY — ll)(ZS) Ks
PRL 108 ( 2012) 171802 ! |
ALEPH i P 084721016 Run1 JHEP 11 (2017) 170
PLB 492, 250 (2000) ' e ‘ 0
OPAL : 3 ol 3.20 *1% + 0 50, B" — J/ ll) Ks
kit e " Run1 PRL 115 (2015) 031601
CDF : : i 0.79 *o4! un
PRD 61, 072005 (2000) | o 0
LHCb ’ : | 0.76 +0.03 BY — D+ D-
JHEP 11 (2017) 170 : ;
Belle5S 3 NIEs 0.57 + 0.58 + 0.06 Run1 PRL 117 (2016) 261801
PRL 108 (2012) 171801 ! o I 0 ~
Average ! § E ; 0.70 + 0.02 BY — D*tD*
5 1 0 ] 5 3 Run1+2 LHCb-PAPER-2019-036 in preparation
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http://ckmfitter.in2p3.fr/www/results/plots_summer18/num/ckmEval_results_summer18.html
https://doi.org/10.1007/JHEP11(2017)170
https://doi.org/10.1103/PhysRevLett.115.031601
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.117.261801

Measurement of sin(2p3)

B® - D*+D*

LHCb-PAPER-2019-036 in preparation

Based on full Run1 (3 fb') and Run2 (6 fb-") dataset
Result is consistent with sin(2B) measured in b = ccs

B? — D*:D* with D*t— D°ntand D¥— KF¥m+ -
D? is reconstructed in two modes
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Measurement of sin(2f3)

B® - D*+D*

LHCb-PAPER-2019-036 in preparation

D - D—+ S Summer 2016
| |
| |
Belle : 078 +0.15+0.05 Belle | 13+ 0.15 + 0.04
| = L]
PRD 85 (2012) 091
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e 0t COpep = —0.059 £ 0.092 (stat) +0.020 (syst) T 7
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http://indico.ijs.si/getFile.py/access?contribId=9&sessionId=1&resId=1&materialId=slides&confId=1031

Measurement of sin(2f3)

B® - D*+D*

LHCb-PAPER-2019-036 in preparation
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http://indico.ijs.si/getFile.py/access?contribId=9&sessionId=1&resId=1&materialId=slides&confId=1031

Summary and prospects

Recent measurements of ¢-
@ B% — J/W K*K~ EPJC 79 (2019) 706

o BOs — J/[I) TI'TM™ to appear in PLB 797 (2019) €003 L
0

LHCb ¢_ sensitivity
— JWYK'K™

—— JWK'K™ (high mass)

Jhprtne

—— Y(2S)K'K
—— D.D;

—— combined ccs

a B% — (K~ )(K™1*) JHEP 03 (2018) 140 :
0 @ B% — @ ¢ arxiv:1907.10003 0O1E
0 — :SMrI ------------ [EETTTCTTTPTETTT CPPPPvTy frorrprnepeseopoeoepene- I
g BYs — @V PRL 123 (2019) 081802 0 , ™ i =L
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Recent measurements of sin(23) o]
@ B — D*:DF |HCb-PAPER-2019-036 in preparation
> 0-4:' I Tt l_.
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g 3 E
With current precision all measurements 7 07 - E
. 4 = 0.1 -
are consistent with SM 2 :
= - .
Further analysis of available dataset is in N T
progress for most of the modes ~03F =
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https://link.springer.com/article/10.1140/epjc/s10052-019-7159-8
https://www.sciencedirect.com/science/article/pii/S0370269319304939?via=ihub
https://link.springer.com/article/10.1007/JHEP03(2018)140
https://arxiv.org/abs/1907.10003
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https://arxiv.org/abs/1808.08865
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Fit result B’ ~J/p KK

Parameter Value

&, [rad | —0.080 & 0.041 = 0.006

A 1.006 % 0.016 = 0.006
I'n—1',; [pS_1 ] —0.0041 £ 0.0024 £+ 0.0015
Al [pS_1 ] 0.0772 £ 0.0077 £ 0.0026
Am, [pS_1 ] 17.705 & 0.059 £ 0.018
AP 0.2457 £ 0.0040 & 0.0019
A2 0.5186 = 0.0029 = 0.0024
0, — 0p 2.64 +0.13 £+ 0.10

5| — & 3.061700°3 + 0.037
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Fit projections for B°.—=J/b K'K
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Fit projections for B’ —=J/¥ '
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Systematics for B°.—J/p KK

Source |Aol>  |AL]®? és[rad] |A| 6L —do[rad] ) —dp[rad] Ts—Tq[ps™'] AL [ps™'] Amg [ps™]
Mass width parametrisation 0.0006 0.0005 - - 0.05 0.009 - 0.0002 0.001
Mass factorisation 0.0002 0.0004  0.004  0.0037 0.01 0.004 0.0007 0.0022 0.016
Multiple candidates 0.0006 0.0001 0.0011 0.0011 0.01 0.002 0.0003 0.0001 0.001
Fit bias 0.0001 0.0006  0.001 - 0.02 0.033 - 0.0003 0.001
Csp factors - 0.0001  0.001  0.0010 0.01 0.005 - 0.0001 0.002
Quadratic OS tagging - - - - - - - - -
Time res.: statistical - - - - - - - - -
Time res.: prompt - - - - - 0.001 - - 0.001
Time res.: mean offset - - 0.0032  0.0010 0.08 0.001 0.0002 0.0003 0.005
Time res.: Wrong PV - - - - - 0.001 - - 0.001
Ang. acc.: statistical 0.0003 0.0004 0.0011 0.0018 - 0.004 - - 0.001
Ang. acc.: correction 0.0020 0.0011 0.0022 0.0043 0.01 0.008 0.0001 0.0002 0.001
Ang. acc.: low-quality tracks  0.0002 0.0001 0.0005 0.0014 - 0.002 0.0002 0.0001 -
Ang. acc.: t & o, dependence  0.0008 0.0012 0.0012  0.0007 0.03 0.006 0.0002 0.0010 0.003
Dec.-time eff.: statistical 0.0002 0.0003 - - - - 0.0012 0.0008 -
Dec.-time eff.: AT'y = 0 sim. 0.0001 0.0002 - - - - 0.0003 0.0005 -
Dec.-time eff.: knot pos. - - - - - - - - -
Dec.-time eff.: p.d.f. weighting - - - - - - 0.0001 0.0001 -
Dec.-time eff.: kin. weighting - - - - - - 0.0002 - -
Length scale - - - - - - - - 0.004
Quadratic sum of syst. 0.0024 0.0019 0.0061 0.0064 0.10 0.037 0.0015 0.0026 0.018
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Fit result B’ —=J/W m'm”

Table 5: Fit results of the resonant structure for both Solutions I and II. These results do not
supersede those in Ref. [21] for the resonant fractions.

Katya Govorkova

Component Fit fractions (%)

Transversity fractions (%)

0 [ 1
Solution I
£0(980) 60.09 + 1.48 100 _ _
£o(1500) 8.88 + 0.87 100 _ _
£o(1790) 1.72 + 0.29 100 _ _
£2(1270) 3.24 + 0.48 13+3 37+9 50410
f1(1525) 1.23 4+ 0.86 40+13 31+14 29+25
NR 2.64 +0.73 100 _ _
Solution II
f0(980) 93.05 + 1.12 100 _ _
£o(1500) 6.47 + 0.41 100 _ _
fo(1710) 0.74 4+ 0.11 100 _ _
£2(1270) 3.22 4+ 0.44 17+4 30+8 53+10
f1(1525) 1.44 + 0.36 35+8 31+12 34417
NR 8.13 £+ 0.79 100 _ _
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Systematics for B’ —=J/y m'm-

Source 'y — I'po || bs
[fs7']  [x107%] [mrad]

t acceptance 2.0 0.0 0.3
TRO 0.2 0.5 0.0
Efficiency (my, ) 0.2 0.1 0.0
t resolution width 0.0 4.3 4.0
t resolution mean 0.3 1.2 0.3
Background 3.0 2.7 0.6
Flavour tagging 0.0 2.2 2.3
Amg 0.3 4.6 2.5
I' 0.3 0.4 0.4
Bf 0.5 - -

Resonance parameters 0.6 1.9 0.8
Resonance modelling 0.5 28.9 9.0
Production asymmetry 0.3 0.6 3.4
Total 3.8 29.9 11.0
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Decay time acceptance rﬁq’a

: N(t)

. . . B
Decay time acceptance is approximately: 15 () X
data( ) e—th ® G(t, Ut)
Given a parameterisati_on of [qaround ng (1T,) N(t)
the used value 4o = 1/1.520ps-1 datal®> = 4/ (D94+5Ta)t o G(t, oy)
- N(t) « Tt
G_th ® G(ta Ut)

~ BY 0 ST 4t

Al =T, —T'yand I'; = Pg +ol'y: TI'y = Fg +ol'y + AFZ

paf(t) & el (1,19) x e x |~ ATHTHT @ G(t, )]
~ el ) x 4 Mt [~ BT @ Gi(t, 0,)

— €§§ta(t7 Fg) X [6_(AFZ+F2)t & G(t7 Ut)] y
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Details on the B’s—~J/y K'K~ mass model M

Signal model: Double-sided Crystal Ball function (CB2) with per-event mass error
used as conditional observable
Quadratic dependence on the per-event mass error: o = 510; + 5,612 (51~0.8; s,~0.05)
- Tails of the CB2 are fixed from the fit to MC
- Fit in 6 m(K'K") bins [990, 1008, 1016, 1020, 1024, 1032, 1050] MeV/ 2

Background: Exponential for the combinatorial and gaussian for
the B’ —J/y K'K™ contribution

Why? To take into account this correlation. Mass resolution
comes from the angles between muons, therefore per-candidate
mass error and cos(0,) are highly correlated
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Comparison of ¢ sensitivity from different decay modes
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Opposite side tagging n’m{s

B°s—J/Y K'K
EUR.PHYS.J.C 79 (2019) 706

B°.—~J/p n'n”
To appear in PLB 797 (2019)

By o eses LR

S
O

In Run1 &,, D>~ 3.73 %

£0e D> = 4.73 £ 0.34 %
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https://www.sciencedirect.com/science/article/pii/S0370269319304939?via=ihub
https://link.springer.com/article/10.1140/epjc/s10052-019-7159-8

Same side tagging THCL

B°s—J/Y K'K
EUR.PHYS.J.C 79 (2019) 706

B°.—~J/p n'n”
To appear in PLB 797 (2019)

o il :

o
@ e ]
O,

In Run1 &, D>~ 3.73 %

£0e D> = 4.73 £ 0.34 %

In Run1 &,,D°~ 3.89 %

0o D> = 5.06 + 0.38 %
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Fit projections in decay time, three angles and m(Krm)
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