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CKM matrix

V.l Vo] Ve ™ 1 02 0.004
Vekm = | —| Vel Ves| Vb +0O0N)~ [ 0.2 1 0.04
| th|e_'ﬁ —| Vt5|e’35 th 0008 004 1

® Key test of the SM: Verify unitarity of CKM matrix
* Magnitudes: branching fractions or mixing frequencies
e Phases: CP violation measurement

1.5IIII|IIII|IIII(&| IIIIIIIIIIII

|~ | excluded area has CL >0.95 |

A VudVJb + VchCE -+ th‘/;g =0

Im

-1.0 - Y K-
: % i sol. w/cos 2f <0 :
- Spring 21 E (excl. at CL > 0.95) —
15 o b b b e By
-1.0 0.5 0.0 0.5 1.0 1.5 2.0
P
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CKM matrix

| Vud | | Vus| Vub e_h/
VCKM — _l Vcd| . | Vcs| Vcb
| Vigle™ L | Vis| e Vi

1 0.2 0.004

+0O0N)~ [ 0.2 1  0.04

0.008 0.04 1

® Key test of the SM: Verify unitarity of CKM matrix
* Magnitudes: branching fractions or mixing frequencies

e Phases: CP violation measurement

® Sensitive probe for new physics

Im 4 VudV;b + VchCZ -+ V;gd‘/;g =0

-1.0 —

- | fitter sol. w/cos 2 <0  —
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Neutral B meson oscillation

@ Neutral B mesons can oscillate through box diagrams

b u,c,t q b 44 q
Bl | w wo||B By |wetf  quet||BY
q u,c,t b q 4% b

Mixing and decay can be described by Schrodinger-like equation

9 (BY _p(By_[ mo4T ma-gha) (8
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Neutral B meson oscillation

@ Neutral B mesons can oscillate through box diagrams

b wot g b W q
< < < AYAVAVAV
BY 11,74 11,74 BY B |u,ct} 1%, 6t | |BY
> > > AVAVAVAV
q u,ct o} q |14 b

Mixing and decay can be described by Schrodinger-like equation
id (E) -y (E) - [ m— 5l — %rul (E)
dt \B B mi, — 5[, m—3l B
o Decay rate of initial B or B
I Al . Al
[({FIH|B)|* = Ee_rt]Af|2{D cosh <7t> + Aarsinh (7t>

L Ceos(Anl) | Ssin(Amt)}
direct CP CP in mixing

« Mass difference Am,, = My — M, =2|M,| — oscillation frequency!
» Decay-width difference Al' (, =T, — 'y =2|T",[cos¢y,
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Neutral B meson oscillation

@ Neutral B mesons can oscillate through box diagrams

b u7 C7t q b W q 0 _ 50 0 - 4

< < = N\ \/\/\, — B) > D,;nt — B} — B) —» D;n" — Untagged
Byl | W w | |BY BY |uct) {u,c,t | |BY

> > > AVAVAVAY

q u,c,t b q 1% b

Mixing and decay can be described by Schrodinger-like equation

i (8)=RE) =i, "l ()
) ~"\8) = |m—-ir, m-ir |5 S
dt M2 =2tz M= Nat. Phys. 18(2022)1-5 ¢ lpe

Am_ = (17.7656 £ 0.0057) ps~!

o Decay rate of initial B or B
1 Al Al
|<f|H\B>‘2 - Ee—rt‘Af|2{Dcosh <7t> + Axrsinh (7t>

L Ceos(Anl) | Ssin(Amt)}
direct CP CP in mixing

« Mass difference Am,, = My — M, =2|M,| — oscillation frequency!
» Decay-width difference Al' (, =T, — 'y =2|T",[cos¢y,
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https://www.nature.com/articles/s41567-021-01394-x

Opportunities for new physics

»|

Im Ay

® New physics (NP) short-distance
contributions can influence mixing

q — ,,,9M.q . ANP
m12 o mlz Aq

[PRD 86(2012)033008] L

® Through B mixing, NP energy scales
of up to 20 TeV for tree-level NP or 2

TeV for NP in loops can be probed
[PRD 89(2014)033016]

mA
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.86.033008
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.89.033016

CP violation in B system

® CP violation requires two interfering amplitudes with different strong and weak
phases

@ Fora Bg) decays to a CP eigenstate f, CP-violating effects depend on 4 = ——

CP violation in mixing CP violation in decay

Unequal transition probabilities _
Unequal CP-conjugated decay rates

[(B— f) #T(B— f)

between flavour eigenstates

P(B — B) # P(B — B)

q/p

CP violation in interference of decays with /without mixing

Time-dependent or time-integrated difference of decay rates of initial flavour eigenstates

[(B..5) — fcr)(t) # ['(B(ws) = fcp)(t)
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CP violation in B system

® CP violation requires two interfering amplitudes with different strong and weak
phases

@ Fora Bg) decays to a CP eigenstate f, CP-violating effects depend on 4 = ——

CP violation in mixing CP violation in decay

Unequal transition probabilities _
Unequal CP-conjugated decay rates

[(B— f) #T(B— f)

between flavour eigenstates

P(B — B) # P(B — B)

q/p

CP violation in interference of decays with /without mixing

Time-dependent or time-integrated difference of decay rates of initial flavour eigenstates

[(B(..5) — fcp)(t) # [(B(—p) — fer)(t)
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b, & sin(2p)

® sin(2f) in B — yK? (g ~22°)

— ClVg —
thV;Z

o B = Jhy(uru)K)( — ntn”)
e BY = J/y(eTe)K)( — ntn™)
e BY > w(Q2S)(utu)K)( - ntn)
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. & sin(2f)

® sin(2B)inB® — ykO (B~227)  © #sin B = Jly(utu K K"

SM V..V
V..V 1 — 20, = 2arg( )
:B — Cll”g(— ) VCSV
thV;Z

(ignoring penguin contribution)

e B > Jly(utu)K)(— ntn)
e BY = J/y(eTe)K)( — ntn™)
e BY > w(Q2S)(utuHK)( — ntr7)

e Tree amplitude dominant
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. & sin(2f)

© sin(2B)inB® — yK® (5~220)  © $sin B = Jly(utu)KTK"
V..V
VeaVes M~ — 2, = 2arg(——>)

cd’ cb
/B — Cll”g(— ) VCSV
thV;Z

(ignoring penguin contribution)

e B > Jly(utu )K)( — ntn™)
e BY = J/y(eTe)K)( — ntn™)
e BY > w(Q2S)(utuHK)( — ntr7)

e Tree amplitude dominant

© $%inB) = (= K*K)p( = K*K")
e Penguin dominant
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LHCDb detector

General purpose detector specialised in beauty and charm hadrons 5= 14 Tev

M4 M>
M3
SPDPS e V2 _
Magnet =
- T3 RICH2 ECAL =
M1
11 T2
Ve TT
proton beam ™%z i
Pl
\\ -
B O \ O - ||
—5m — \.\ —
IR R L L L >
Sm 10m 15m 20m z

LHCb performance:
JINST 14 (2019) P04013

Int. J. Mode. Phys. A30 (2015) 1530022
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https://iopscience.iop.org/article/10.1088/1748-0221/14/04/P04013
https://www.worldscientific.com/doi/epdf/10.1142/S0217751X15300227

LHCDb detector

LHCb MC

General purpose detector specialised in beauty and charm hadrons 5= 14 Tev

e Daughters of b & ¢ hadron decays: p; ~ O6(1 GeV/c¢), flight distance L~1mm

SPD/PS ;- ALM2
Magnet
T3 RICH2 -
1 T2
Ve i TT
proton beam™4%
o ‘
\\ -
B O \ O )
—5m — \.\
| | | I
10m 15m
collision point L
/l‘
SV
P L _.r
p p
[P

NY

LHCb performance:
JINST 14 (2019) P04013

Int. J. Mode. Phys. A30 (2015) 1530022
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https://iopscience.iop.org/article/10.1088/1748-0221/14/04/P04013
https://www.worldscientific.com/doi/epdf/10.1142/S0217751X15300227

LHCDb dete

General purpose detector specialised in beauty and charm hadrons
e Daughters of b & ¢ hadron decays: p; ~ O6(1 GeV/c¢), flight distance L~1mm

A

ctor

/o

LHCb MC
(s =14 TeV

Precise vertex Excellent decay time y M M5
measurements, resolution ~ 43 fs for BY SPDpS |, M2
G(IPX)N 35 lJm Iviaguct T3 RICH2 E _ -
. 1112
FICH1 ‘
Yo TT
proton beam -
VR | |
— O || ||
—5m — \.,\ e -
L L L L >
10m 15m 20m z
. : 1
collision point '[ LHCb performance:
SV A JINST 14 (2019) P04013
P L. Int. J. Mode. Phys. A30 (2015) 1530022
p p
IP
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https://iopscience.iop.org/article/10.1088/1748-0221/14/04/P04013
https://www.worldscientific.com/doi/epdf/10.1142/S0217751X15300227

LHCDb detector

LHCb MC

General purpose detector specialised in beauty and charm hadrons 5= 14 Tev

e Daughters of b & ¢ hadron decays: p; ~ O6(1 GeV/c¢), flight distance L~1mm

A /
Precise vertex Excellent decay time y M M5
measurements, resolution ~ 43 fs for BY SeopS |, M2
o(IP,)~ 35 pym R T3 RICH2 - u
T1T2 |
FICHI - ‘
Xe y TT
proton beam -
%% | |
— O ——
0 AN y B L
—5m — \\
L1 \ I | I L1 L >
\"m \] 10m I5m 20m z
collision point H Excellent momentum

—"
‘—
-

resolution ~ 0.5%

LHCb performance:
JINST 14 (2019) P04013

Int. J. Mode. Phys. A30 (2015) 1530022
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https://www.worldscientific.com/doi/epdf/10.1142/S0217751X15300227

LHCDb detector

General purpose detector specialised in beauty and charm hadrons 5= 14 Tev
e Daughters of b & ¢ hadron decays: p; ~ O6(1 GeV/c¢), flight distance L~1mm

A /
Precise vertex Excellent decay time M4 M5
: 0 M3
measurements, resolution ~ 43 fs for B SPD/PS 1y, M2
o(IP,)~ 35 pm e s ricm (FCAL o
. 112
FICHI |
Verte TT ‘
Locator,
proton beam s | Excellent particle
iEy | identification
e(K) ~ 95 %
1 7OXN ‘ ‘ X, misID p(r - K) ~ 5%
AVAW. S - — e(p) ~ 97 %
RZIN ° § s -
—5m — ‘.\‘
L1 |w [ | I L L >
\"m \] 10m 15m 20m z
. : 1
collision pomt f Excellent momentum LHCb performance:
1] resolution ~0.5% JINST 14 (2019) P04013
__—. Int. J. Mode. Phys. A30 (2015) 1530022
P
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https://www.worldscientific.com/doi/epdf/10.1142/S0217751X15300227

Luminosity

a 2.3 s 2018 (6.5 TeV): 2.19 /b : 2—01 8
= * 2017 (6.5+2.51 TeV): 1.71 /b + 0.10 /fb 201 2

21 . 2016 (6.5 TeV): 1.67 /b .................................... ................... —a

2015 (6.5 TeV): 0.33 /b
1 .8 % ‘ 2012 (4.0 Tev): 2.08 .'lfb .........E .................................... g... sessnsse ......2.0.1 7
: 2011 (3.5 TeV): 1.11 /b '

1.6 oaaTwvioen [ ................................. #2016

14 ._ ................................... ....................................... ............................ . ... el ......................................

X — — ................................. 2011 ...............
09_ ................................... —— 3 .............................. ......................................

1R S— T alV S L — —

05— AL T O — 2015.....

Integrated Recorded Luminosity (1/

0.2 b ................ S .................................... ......................................

Month of year

——

® Run 1(2011+2012): 3 fb-' + Run 2 (2015-2018): 6 fb1
® |arge number of beauty hadrons: [PRL118(2017)052002]

o(bb)(1TeV) =72.0+0.3 = 6.8 ub, o(bb)(13TeV) = 144 =1 £ 21 ub in2<n<5

P. Li - Beauty 2023@Clermont-Ferrand - 8



Mass fit

® sPlot technique to subtract combinatorial background:
— perform fits to invariant mass distribution

e BY > Jly(utp)KY (85%)
o BY = Jly(ete)K? (12%)
o BY - yw(2S)(utpu K (6%)

& B o e L E e S B B LB e
O
; — Full fit
o LHCh o
= . B" = Jfp(— pp) K¢
) preliminary /\ BY > (28) (= pp) KD -
:; N (R T BY — Jpp(— ee)KQ
RN B (= U)K
= Combinatorial BG
= B Partial BG
<
O
103 :_
ool L o N oot 0o cNRnflnnnnfl o nnnfl oo
K150 5200 5250 5300 5350 5400 5450 5

~306090 + 42700 + 23560

o

m(@/;Kg) MeV/c?]

500

Total signal candidates

LHCb-PAPER-2023-013
In preparation

Candidates / (3.5 MeV/c?)

—
(=]
)
T

- LHCb Run 2,6 fb’!
. —— Total fit
10’ preliminary o
— — Signal
---- Background

—_

()
S
I

e BY - J/WyK K™

T T T T T T T T T T T

¢ Data

cem B> ) KK

10°E / \ 3
/ \
2 7y / \
107 N4 \ 3
= Al LSS
5200 5300 5400 5500

m(Jhy K*K~) [MeV/c?]

Total signal candidates
~349000

LHCb-PAPER-2023-016
In preparation

o B) = ¢¢

— Fit
C - A — @Kp ]

[ el Combinatorial

—
=]
T T T TLJ

Candidates / 11.25 MeV/c?)

B
R
V-
R
.-
.

I "r"‘r TR B T
5400 5500 5600

m(K"K'K*K') [MeV/c?]

1 1 I
5200

5300

Total signal candidates
~15840

L HCb-PAPER-2023-001
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https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/LHCb-PAPER-2023-001.html

CP asymmetry
[(BY, — ) —T(BS, — f)
F(E(()S) = f) +F(B((;) - f)

® Time-dependent CP asymmetry: A x(t) = = 1y SIN2f3 ) - sin(Amy 1)

= EXxperimentally
Acp(t) o g+ e T (1 = 200) - Sin2f3 ) - sin(Amyg1)

e Tagging of Bg) flavor at production: probability of wrong tag @

 Excellent decay-time resolution 6, ~ 43 {s
» CP eigenvalue of the final state 7,

P. Li - Beauty 2023@Clermont-Ferrand - 10



CP asymmetry
[(BY, — ) —T(BS, — f)
F(E(()S) = f) +F(B((;) - f)

® Time-dependent CP asymmetry: A x(t) = = 1y SIN2f3 ) - sin(Amy 1)

= EXxperimentally

1 . .
Acp(t) o 1 e 722 (1 = 2w) - $in2f3 ) - sin(Amt)

e Tagging of Bg) flavor at production: probability of wrong tag @

 Excellent decay-time resolution 6, ~ 43 {s
» CP eigenvalue of the final state 7,

© B - yw(— ¢ )KX - ntn): CP-odd component only
S
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CP asymmetry
[(BY, — ) —T(BS, — f)
F(E(()S) = f) +F(B((;) - f)

® Time-dependent CP asymmetry: A x(t) = = 1y SIN2f3 ) - sin(Amy 1)

= EXxperimentally
Acp(t) o g+ e T (1 = 200) - Sin2f3 ) - sin(Amyg1)

e Tagging of Bg) flavor at production: probability of wrong tag @

 Excellent decay-time resolution 6, ~ 43 {s
» CP eigenvalue of the final state 7,

® B’ - y(— £T¢7)KJ( — ntn™): CP-odd component only
© BY = Jly(— utu )p( — KTK™) + B - ¢p(KK)p(KK):
= a mixture of CP-even (L = 0,2) & CP-odd (L = 1) components

— Angular analysis needed

P. Li - Beauty 2023@Clermont-Ferrand - 10



Flavor tagging

F(EOS)—) fcp) — I’(BOS) — fcp)

.ACP — _
I'(B‘{s) — fcp) + I'(B?s) — fcp)
PV SS pion
. . SS proton
t' (SS kaon)
- (5)
BRI .............................ccccousususssssssssssassanisissssssssesssssssamaasassssssssssssssssssanssssas oppos|tes|de
SV

s .
. @

OS vertex charge
OS charm

OS muon
OS electron

P. Li - Beauty 2023@Clermont-Ferrand - 11



Flavor tagging

I'(Eos) — fcp) — I'(BOS) — fcp)

.ACP — _
I'(B?s) — fcp) + I'(B?s) — fcp)
+
SS pion #
‘ SS proton SV -
./> (55 kaon)

ot K+t

™ K~

same side

opposite side

> OS kaon
cC—s ‘

b—c —

b— X~ \).

OS vertex charge
OS charm

SV

OS muon
OS electron

® Same-side (SS) tagging: Use charge of kaon produced in the fragmentation
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Flavor tagging

F(E‘}s) — fcp) — I'(B({s) — fcp)

ACP — _
I'(B?s) — fcp) + I'(B‘%s) — fcp)
+
SS pion #
. SS proton SV -
W (55 kaon)

at Kt

™ K~

same side

opposite side

___#cas _,,/r‘ OS kaon
b— XI~ \>‘

OS vertex charge
OS charm

OS muon
OS electron

® Same-side (SS) tagging: Use charge of kaon produced in the fragmentation

® Opposite-side (OS) tagging: charge of leptons or hadrons from the decay of the
other b hadrons
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Flavor tagging

F(E‘}s) — fcp) — I'(B({s) — fcp)

ACP — _
I'(B?s) — fcp) + I'(B‘%s) — fcp)
+
SS pion %
. SS proton SV -
W (55 kaon)

at Kt

™ K~

same side

opposite side

A c s _,,/r‘ OS kaon
b— X~ \)‘

OS vertex charge
OS charm

OS muon
OS electron

Tagging power | B - ¢ K¢ | BY —» J/Y KK | BY — ¢¢
€rag (1l — 2w)” (4-6)% 4.3% 6%

tagging efficiency €tag mistag rate

P. Li - Beauty 2023@Clermont-Ferrand -

12



Decay-time resolution

@ Decay time resolution dilutes oscillations, 2 = exp(—zaeszAmsz)

® Significant for Bf) system, negligible for BY
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Decay-time resolution

@ Decay time resolution dilutes oscillations, 2 = exp(—zagﬂAmsz)

® Significant for Bf) system, negligible for BY

o B = J/WKK & B — ¢¢p

52 = ()22 + (=62
Pt P

~200pym  o0,/p~04%
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Decay-time resolution

@ Decay time resolution dilutes oscillations, 2 = exp(—zagﬁAmsz)

® Significant for Bf) system, negligible for BY

U

e BY > wK{: 6y, ~ 60 fs i

* B) > JIlyKK & B > ¢¢p =~ =n " « K+
PBY, MBY, TRO K~

m [
52 = (;)20,% + (=)o)

P

g Juo B
~200pym  o0,/p~04% 3 ol 1 3
130 =
1 E
. . . n o
V' Effective Gaussian resolution model: o 50 Z
o, as a function of per-event 6, (11 bins) it :
B —_10
0 10
0 0.05 0.1 0.15
d, [ps]
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https://link.springer.com/article/10.1140/epjc/s10052-019-7159-8

Decay-time resolution

@ Decay time resolution dilutes oscillations, 2 = exp(—zagﬁAmsz)

® Significant for Bf) system, negligible for BY

U

e BY > wK{: 6y, ~ 60 fs i

* B) > JIlyKK & B > ¢¢p =~ =n " « K+
PBY, MBY, TRO K~

m [
52 = (;)20,% + (=)o)

P

B Juo B
~200pym o,/p~04 % 3 ol ] %‘
130 =
] E
V' Effective Gaussian resolution model: o T
o, as a function of per-event &, (11 bins) L Ouf = Po+ D1 " 0;
B —10
O~ 42(3) fs = D = 0.757 5 0.5
d, [ps]
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https://link.springer.com/article/10.1140/epjc/s10052-019-7159-8

Decay time & angular efficiencies

® Reconstruction and selection criteria introduce non-uniform efficiency

® Decay-time efficiencies:
Data driven method

BO
BY BO gsi;n(t)
e’ (H)=¢€7 ()X
dat data BO
- Egim(?)

g L ; ; ] ]
%14 LHCD EPJC79(2019)706
"O = .
QO 0 .
§ 12+ BS - J/l//KK
N |

1_ 1" EE i Bt & ::—}“;;Q:IK_}-".:::: LT | —¢
o o Modelled by cubic splines:
T knots at 0.3, 0.91, 1.96, 9 ps 1
0.6F .

] ' R ] ] ] PR T T B

1 10
t [ps]

() x e(t) - e " ® G(0,0)
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Decay time & angular efficiencies

® Reconstruction and selection criteria introduce non-uniform efficiency

® Decay-time efficiencies:

0
S
data

[a—
NN

Scaled ¢
o

0.8

0.6

Data driven method

B (1)
BY _ RO Esim
S1m
- LHCD EPJC79(2019)706
- BY — JIwKK
- Modelled by cubic splines:
- knots at 0.3, 0.91, 1.96, 9 ps
1 10
t [ps]

() x e(t) - e " ® G(0,0)

® Angular efficiencies for B) decays
estimated with simulation

D D T ——
3 | LHCb simulation ] 3 | LHCb simulation ]
S 1o | 5 | |
g LI By = JIwKK 1 g U EPJC79(2019)706 ]
S _ ] 3 . ]
Z. . |l =z
IM M s e et B
0.9; ................... o——
-1 0.5 0 0.5 1 -2 0 2
cosd ¢, [rad]

Normalized ¢
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Dy

10
P(t, 0. 0, by, ) < Y Ny(Ofi(O 0, ) — by, Amy, AT,
k=1

Candidates / (0.1 ps)

Candidates / 0.02

in B — J/IwKK

1 T T 1 T T 1 T 1 T 1 T 1 T 1 T
10° | | | | | | |
LHCb preliminary
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107 TS
\\\\*;\\.\'\. ." H
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LHCb-PAPER-2023-016
In preparation

Fs_rd
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|
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¢.in BY = JIwKK

LHCb-PAPER-2023-016
In preparation

Parameters

Values !

¢s [rad]

Al

I's — I'd [pS_l]
AT [ps™!]
Amg [ps™?]

—0.039 + 0.022 + 0.006
1.001 4 0.011 + 0.005
—0.0057 * 00012 £ 0.0014
0.0846 + 0.0044 + 0.0024
17.743 + 0.033 == 0.009

[AL|?
|Aol?
5J_ o 50 [rad]
(5” = (50 [rad]

0.2463 £ 0.0023 £ 0.0024
0.5179 4 0.0017 + 0.0032
2.903 1907 4 0.048

3.146 4+ 0.060 + 0.052
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¢S IN B g —> J / l/jK K | HCb-PAPER-2023-016

In preparation

Parameters Values !
b |rad —0.039 4+ 0.022 +0.006
A 1.001 +0.011 + 0.005

[ —Tg [ps™!] —0.0057 F 200 + 0.0014
AT, [ps™] 0.0846 + 0.0044 -+ 0.0024

Amg [ps_l] 17.743 £+ 0.033 = 0.009
AL |2 0.2463 4 0.0023 = 0.0024
|Ao|2 0.5179 4+ 0.0017 == 0.0032
5, — & [rad] 2.903 1207 4 0.048

5|| — dg [rad] 3.146 4+ 0.060 £ 0.052

* The most precise measurement in single channel to date
e Compatible with prediction assuming the SM

* No evidence of CP violation

e Consistent and combined with Run 1 measurement:

¢, = —0.043 = 0.020 rad
P. Li - Beauty 2023@Clermont-Ferrand - 16



¢, combinations in b — c¢cs transition

Previous World Average: Ne\_/v World Average: (preliminary)
¢Scés — —0.049 +0.019 rad . ¢SCCS = —0.050 = 0.016 rad (16%)
$/VKK = _ 0.070 +0.022 rad ¢SJ WKK — _ 0.039 + 0.017 rad (23%)

* Consistent with the Global fits with SM assumption

PCRMFIter 5 2B = (~0.0368+00000) rad ¢y’ """ = (=0.0370 £ 0.0010) rad

0.16] DO 8 fb™ Eie
Theory assuming 0.13 68% CL contours
0.14 TXVAz 1.519 +0.004 pp DO 8 fb_]_ (A |Og £ =1.15)
=" 0121 CMS116.1fb L = 011 CMS 116.1 fb~2
3 0.10- é SM no penguins
o 8. CDF 9.6 fb™*
kI)_ — 0.09
< 0.08; <
LHCb 9 fb~! M LHCb 9 fb?!
0.061 0.07
* -1 .
I errors scaled b ATLAS 99.7 fb
0.04 - ) ATs errors scaled
CDF 9.6 fb~
I 0.05. . . . |
0-%%40 0.650 0.660 0.670 0.680 05 0.3 0.1 cis 0.1 0.3
S L — e s
L — e e

P. Li - Beauty 2023@Clermont-Ferrand - 17



¢, in b — s§s transition

LHCb-PAPER-2023-001

¢S = —0.042 = 0.075 £ 0.009 rad
1] = 1.004 = +0.030 £ 0.009

e The most precise measurement in any penguin dominated B decays

* No polarisation dependence is observed

Run 1 +Run2,9 fb!

Run 2, 6 fb!

Run 1 + 2015 + 2016, 5 fb’!

Run 1,3 fb!

2011, 1 fb’!

-3

I I I I I I I I I I I I I I I I |
LHCb -
= SM prediction o
] ] ] ] | ] ] ] ] | ] ] ] ] ] ] ] ] |
-2 -1 0 1

™" [rad]

(@)
o <
O

)
S
(\O]
T T T [T T T[T T T T T
\I | | |

Asymmetry
o
S

|||/

LHC
6 fb!

o UL

P. Li - Beauty 2023@Clermont-Ferrand -

| IO.2 T
(t-1,) modulo (27/ Am,) [ps]

ol
0.3
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https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/LHCb-PAPER-2023-001.html

sin 23 in B — yK{
LHCb-PAPER-2023-013
In preparation

2, 5 1.00T
=10t 4 i
2 LHCD preliminary = 075k
2 Full fit * [
B 103, — B' = JW(—= p)K§ 0.50F
N B = $(25)(= p) KY 3 5
= i N B" = Jpp(— ee) K 0.25F
O [
100 | 0.00f
—0.255—
10F i
_0'505' LHCb preliminary
L _0'75;_ B = (= LO)KY(— 7hr) N
: é ;1 (Ia 8 10 12 14 _1'000-‘..é‘..éll‘..é‘..élllllolllll2lllll4‘.
t [ps] t [ps]
} o4 0.1 o T T T ]
Combined fit result SER ISt E
E ® B’ — Jap(— ee)KY E
S’ =0.716 +0.013 (stat) + 0.008 (syst) 0.05F :
S - -
Run2 __ - ]
CW“% =0.012+0.012 (stat) + 0.003 (syst) 0.00f :
y C ]
—0.05 F -
. . —0.10 — —
* The most precise measurement in o ;
single measurement to date 0.2 e
' 8.50 0.55 0.60 0.65 0.70 0.75 0.80 S 0.85
VK
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sin 23 combinations

b—ccs CCP

‘Summer 2023

PRELIMINARY

BaBar JAy K
PRD 79 (2009) 072009

BaBar JAy K

b
Lal

PRD 79 (2009} 072409 *

BaBar y(2S) Kq
PRD 79 (2009) 072009

Belle Jhy Kq
PRL 108 (2012) 171802

Belle JAy K,

|

0.026 +0.025 + 0.016
-0.033 £ 0.050 £ 0.027

*0.089 +0.076 = 0.020

csssssssssssboscnngdesa

PRL 108 (2012) 171802

Belle y(2S) K
PRL 108 (2012) 171802

LHCb Run 1 J/hy Kq

JHEP 11 (2017) 170
LHCb Run 1 w(2S) K.

JHEP 7 (2017) 170 o

LHCb Run 2 J/y Kq

+0.023
0.015 £ 0.021 5 a45

-0.019 + 0.026 *354}
+0.027

-0.104 + 0.055 *3527
-0.014 + 0.030

-0.050 £0.100 £ 0.010

0.018 £0.013 + 0.003

LHCb-PAPER-2023-013 :
LHCb Rup 2 y(2S).K -0.083 + 0.048 + 0.005
LHCb-PAP%u_gﬁA—'R-Zoza- 3
World Average 0.006 + 0.010
HFLAV ]

-0.1 0 0.1 0.2

PRELIMINARY

sin(2p) = sin(2¢,) 222

BaBar JAy K.
PRD 79 (2009) 072009

BaBar JAy K

PRD 79 (2009&072009
BaBar y(2S) Kq
PRD 79 (2009) 072009

Belle JAy Kq
PRL 108 (2012) 171802

Belle JAy K,

PRL 108 (2012) 171802
Belle y(2S) K

PRD 77 (2008) 091103(R)

LHCb Run 1 J/hy Kq
JHEP 11 (2017) 170

LHCb Run 1 y(2S) K
JHEP 11 (2017) 170

LHCb Run 2 J/y Kq
LHCb-PAPER-2023-013

LHCb Run 2 y(2S) K
LHCb-PAPER-2023-013

H——de——|

S p——e—H:

—a—y

—h—

0.657 + 0.036 + 0.012

0.694 + 0.061 + (.031

0.83_7 +0.100 * (éf036
0.670 £ 0.029 £ 0:.01 3
0.642 +0.047 £ (3.021
0.718 £0.090 * 0:.031

0.750 + 0.040

0.840 +0,100 + 4.010
0.720 + 0.014 + 0.007

0.647 +0.053 + 0.018

World Average 0.708 * 0;.01 1
H!:LAV .
0.4 0.5 0.6 0.7 0.8 0.9 1
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sin 23 combinations

b—ccs CCP

‘Summer 2023

PRELIMINARY

BaBar JAy K
PRD 79 (2009) 072009

BaBar JAy K

*

1
LY
v

ot
Lal

PRD 79 (2009} 072409

BaBar y(2S) Kq
PRD 79 (2009) 072009

Belle JAy Kq
PRL 108 (2012) 171802

Belle Jiy K|

0.026 +0.025 + 0.016
-0.033 £ 0.050 + 0.027

*0.089 +0.076 = 0.020

PRL 108 (2012) 171802

Belle y(2S) K
PRL 108 (2012) 171802

LHCb Run 1 J/hy Kq

JHEP 11 (2017) 170
LHCb Run 1 y(2S) K.

JHEP §7 (2017) 170 *

LHCb Run 2 J/y Kq

+0.023
0.015 £ 0.021 5 a45

-0.019 + 0.026 *354}
+0.027

-0.104 + 0.055 *3527
-0.014 + 0.030

-0.050 £ 0.100 £ 0.010

0.018 £0.013 + 0.003

LHCb-PAPER-2023-013
LHCb RUE 2 \|f(28!| Kg -0.083 + 0.048 + 0.005
LHCb-PAPER-2023-013
World Average 0.006 + 0.010
HFLAV

-0.1 0 0.1 0.2

PRELIMINARY

sin(2p) = sin(2¢,) 222

BaBar JAy K.
PRD 79 (2009) 072009

BaBar JAy K

PRD 79 (2009&072009
BaBar y(2S) Kq
PRD 79 (2009) 072009

Belle J/y Kq
PRL 108 (2012) 171802

Belle Jiy K|

PRL 108 (2012) 171802
Belle y(2S) K

PRD 77 (2008) 091103(R)

LHCb Run 1 J/hy Kq
JHEP 11 (2017) 170

LHCb Run 1 y(2S) K
JHEP 11 (2017) 170

LHCb Run 2 J/y Kq
LHCb-PAPER-2023-013

LHCb Run 2 y(2S) K
LHCb-PAPER-2023-013

H——de——|

S

——y

—h—

0.657 + 0.036 + 0.012

0.694 + 0.061 + (.031

0.83_7 +0.100 * (él,036
0.670 £ 0.029 £ 0?.013
0.642 +0.047 £ df.021
0.718 £0.090 + (.';.031

0.750 + (5.040

0.840 + 0,100 + G.010

0.720 + 0.014 £+ 0.007

0.647 £0.053 q.01 8

World Average 0.708 * 6.01 1
H!:LAV . ‘ . .
0.4 0.5 0.6 0.7 0.8 0.9 1

e Consistent with other measurements, still statistical uncertainty limited
* Dominant contribution to the World Average
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sin 23 combinations

[enlgp) O .06 L] L] I L] L] L] L] I L] L] L] L] I L] L] L] L] I L] L] L] L] I L] L] L] L] I L] L] L]
()g - @ HFLAV 2015 (Belle + BaBar) i
b_ - @ HFLAV 2021 1 1 E A
ummer
0.04 - @ LHCb Run 2 _ - PRELIMINARY
BaBar JAy K, HFLAV 2023 (preliminary) 57 +0.036 + 0.012
PRD 79 (2009) 072009 B 7 :
BaBar Jiy K i 1 94+0.061+d.031
PRD 79 (2009) 072805 0.02 — ;
BaBar (2S) K - 1 97+0.100+0,036
PRD 79 (2009) 072009 - - ;
Belle Jiy Kg - 1 70+0.029+0.013
PRL 108 (2012) 171802 O OO - —
Belle JAy K| d - 4 42+0.047 + d.021
PRL 108 (2012) 171802 N i :
Belle y(2S) K ) L -4 18+0.090 + 0.031
PRL 108 (2012) 171802 _0.02 | :
LHCb Run 1 J/y Kq UL - 0.750 + 0.040
JHEP 11 (2017) 170 i 1 5
LHCb Run 1 y(2S) K. 40+0,100 + Q.010
JHEP §7 (2017) 170 | i h '
LHCb Run 2 J/y Kg —0.04 20 +0.014 £ 0.007
LHCb-PAPER-2023-013 B 7
LHCb Rup 2 yi2SIle | [ contours hold 39%, 87% CL 1 #7+00s3+qots
World Average _O 06 L1 | 11 1 1 | L1 1 1 | 11 1 1 | L1 1 1 | 11 1 1 | L1 1 0.708 +0:011
HFLAV , 0.625 0.650 0.675 0.700 0.725 0.750 . :
-0.2 -0.1 0o )9 1
Sy Kt

M

e Consistent with other measurements, still statistical uncertainty limited
* Dominant contribution to the World Average
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Looking at Run 3 and beyond

~PL  ~dx 102 cm ! ~F o ~2%x10P cm™2s! ~L o~ 1.5%x10°* cm™2s!
~1 visible interaction/bunch-crossing ~5 visible interaction ~40 visible interaction
< 9 fh-1 ————p < Goal: 50 fb-! > <+—Goal: 300 fb-! —>»
Upgrade | Consolidation rade 11
Run1l | LS1 Run 2 LS2 Run 3 LS3 Run 4 LS4 Run 5 LS5 Runé6
2011 20122013 2014|2015 2016 2017 2018§2019 2020 2021202252023 2024 202512026 2027 202812029 2030 2031 2032)2033 2034§2035 2036 2037 2039/2040|2041 2042

TNOW
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Looking at Run 3 and beyond

~PL_ ~4x 102 cm 25! ~Lnax ~ 2% 107 cm ™25~ ~Lax ~ 1.5 10%* cm ™25~
~1 visible interaction/bunch-crossing ~5 visible interaction ~40 visible interaction
< 9 fb'!l ——> < Goal: 50 fb-! - <+—— Goal: 300 fb-! —»
rade I Consolidation Upgrade 11
Run 1 LS1 Run 2 LS2 Run 3 LS3 Run 4 LS4 Run 5 LS5/ Runé6

2011 2012|2013 20142015 2016 2017 2018§2019 2020 2021|2022§2023 2024 2025}2026 2027 202812029 2030 2031 2032§2033 2034§2035 2036 2037 2039 2040|2041 2042

TNOW

® Further precision improvement with more data
®© Great opportunities to search for NP indirectly, up to > TeV scale

§| i CMS 17 18 1 § 0.035 j 1 1 L \l 1 1 T Tt 1 1 T T TTT 1 1 LI \%
:;: 0.05 LHC,E) Run 1 . ] ; [ BaBar i
X | | B °
= | ] QL 0.0301 LHCP Run 1 UT fitter based on SM 7]
© | ATLAS 15-17 = -
W o4l . _ 3 [ . Belle
. 0.025 ! . - - - -
HCbPUB201B008 = LHOt-PUB-2016.008
i | ATL-PHYS-PUB-2018-041 s \ :
0.03~ CMS-PAS-FTR-18-041 7 00208 \ HFLAV 2018 World Average |
LHCb\‘\J/L|JKK 15-18 (preliminary) i 0.015 LHCb‘.\15'18 (preliminary) _
. HFLAV 2021 World Average i i
O T 7 I HFLAV 2023 World Average (preliminary) (35%) |
HFLAV 2023 World Average (preliminary) (15%) S, s O P AR —
7.— ................... *\\_ ............................................. _7 0.01 O j \\\\ _7
0.01 “\LHCb Run 4 _ i EHE'? Run 4 Belle Il (50 ab™")]
! ] 0.005}- . -
[HChb Rune CMSRun6 i ~LHCb Run 6 1
L CKM fitter based on SM ATLAS Run6 | i i
O-OO [ L L L Ll Ll I L L L Ll I L L L Ll \l L L L Ll \_\ OIOOO B L L L Ll \l L L L | I L L L Ll \l L L L Ll \_\
100 10° 102 10° 104 100 10° 102 10° 104
L fo-? LHCb L b~
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https://cds.cern.ch/record/2636441
https://pos.sissa.it/294/005/pdf
https://cds.cern.ch/record/2636441
https://inspirehep.net/literature/1795259
https://cds.cern.ch/record/2650772?ln=en

Summary

v LHCb dominates the world average of many CPV measurements

v Flag-ship time-dependent measurements of CP violation in B-meson decays
with full LHCb data sample, providing the most precise results for
v ¢,in b — ccs transition, o(¢,) ~ 20 mrad

v ¢ in penguin dominant B decays
v sin2f = 0.716 £ 0.013(stat.) £ 0.008(syst.)

v Looking forward to further test of the SM and search for new physics with more
data from Upgrade | & |l
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Summary

v LHCb dominates the world average of many CPV measurements

v Flag-ship time-dependent measurements of CP violation in B-meson decays
with full LHCb data sample, providing the most precise results for
v ¢,in b — ccs transition, o(¢,) ~ 20 mrad

v ¢ in penguin dominant B decays
v sin2f =0.716 = 0.013(stat.) = 0.008(syst.)

v Looking forward to further test of the SM and search for new physics with more
data from Upgrade | & |l

Thanks for your attention!
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Flavor tagging calibration
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Flavor tagging calibration

@ Statistical process, the tag is not always right — knowledge of mistag rate @
@ Not all selected candidates can be tagged — knowledge of tagging efficiency €tag

® Data-driven method to calibration the performance
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Flavor tagging calibration

@ Statistical process, the tag is not always right — knowledge of mistag rate @
@ Not all selected candidates can be tagged — knowledge of tagging efficiency €tag

® Data-driven method to calibration the performance

e OStagging: BY —» J/yK*

0sF 7 T
S "TF  LHCbOS tag
~  — data points
04 —— calibration curve
[ ] n distribution

0.3
02}

0.1F

: EPJC79(2019)706 -
% 01 02 03 04 05

n

P. Li - Beauty 2023@Clermont-Ferrand - 25


https://link.springer.com/article/10.1140/epjc/s10052-019-7159-8

Flavor tagging calibration

@ Statistical process, the tag is not always right — knowledge of mistag rate @
@ Not all selected candidates can be tagged — knowledge of tagging efficiency €tag

® Data-driven method to calibration the performance

e SStagging for B): B » D z*

e OS tagging: B* — J/yK* o SS tagging for BY: BY - J/yk*
UL DL L L L L L 0-6_""I""I""I""I""
3 07 a SHN: Cb SS ta 0 -
N ];H—C(li)aglspgi%lts 05F I;+H— data ptoignts B s D s T "
04— — calibration curve -  —— calibration curve

[ 7 distribution 04F 17 distribution

03F -
: 03F
0'2: 0.2?— | —
—_ FP.CTNR0190706
B EPJC79(2019)706 1 _ 0
% o1 o0z 03 04 05 % o1 02 03 04 05
n n

P. Li - Beauty 2023@Clermont-Ferrand - 25


https://link.springer.com/article/10.1140/epjc/s10052-019-7159-8
https://link.springer.com/article/10.1140/epjc/s10052-019-7159-8

Flavor tagging calibration

@ Statistical process, the tag is not always right — knowledge of mistag rate @
@ Not all selected candidates can be tagged — knowledge of tagging efficiency €tag

® Data-driven method to calibration the performance

e OStagging: BY —» J/yK*

o5 " T 7 |
S "TF  LHCbOS tag
~  — data points
04 —— calibration curve
[ ] n distribution

0.3

e SStagging for B): B » D z*
o SS tagging for BY: BY - J/yk*
s 065' L L L L L L

- LHCb SS tag 0 -+
0.5 —+ data points BS - Ds T

-  —— calibration curve
04~ [ ndistribution

0.3;
0'22 0.2%— | -
1 E : EPJC79(2019)706 |1
01§ EPJC79(2019)706 - 0'1: J
O """01 02 03 04 05 % 01 o0z 03 04 05
n n
Tagging power | B - ¢ K¢ | BY —» J/Y KK | BY — ¢¢
€rag (1 — 2w)* (4-6)% 4.3% 6%
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https://link.springer.com/article/10.1140/epjc/s10052-019-7159-8
https://link.springer.com/article/10.1140/epjc/s10052-019-7159-8

¢ polarisation dependent fit

® New physics effects can vary in different polarisation states

e Allow |4 |and ¢, differ in polarisation states
* Shows no evidence for any polarisation dependence

LHCb-PAPER-2023-016

Parameters Values (stat. unc. only)
¢2 [rad] —0.034 4+ 0.023
sl — ¢0 [rad] —0.002 + 0.021
65— lrad]  —0.001 582
6.5 — 99 [rad] 0.022 5%
)\0 0.969 -_|— 0.025
e
AL/ 1.107 + 0061

2> /A9 1.121 13852

P. Li - Beauty 2023@Clermont-Ferrand - 26


https://link.springer.com/article/10.1140/epjc/s10052-019-7159-8

Results of the parameters for S-wave

Ag|? = 0.472 £ 0.024 £ 0.027,
A%|? = 0.042 £ 0.005 =+ 0.010,
A%|? = 0.002910- 0058 £ 0.023,
A%|? = 0.00371000s0 £ 0.032,
A%|? = 0.0508 £ 0.007 £ 0.027,
A%|? = 0.151 +0.011 £ 0.051,
6 — 0, = 2.05701% £0.19rad,

0 — 0, = 1.627)13 £ 0.41rad,

6o — 6, = 1161957 £0.19rad,

0 — 6, = —0.1570 2 + 0.31rad,
0 — 0, = —0.6377) 058 & 0.17rad,
0% — &6, = —1.013") 543 & 0.07 rad.
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Systematics for ¢S | HCb-PAPER-2023-016

* Uncertainties (x0.01) Dominated sys. Sub-dominated sys.  Stat. limited

Source | Ag |2 1A |2 Ps BN 61 — 9o 9 — 90 I's —_[d AE_c,l Ar_n_ci
[rad] [rad] [rad] [ps™ 7] s  [ps™7]
Mass parametrization 0.04 0.03 0.03 0.02 0.15 0.12 0.02 0.04 0.03
Mass: shape statistical 0.04 0.04 0.05 0.09 0.62 0.33 0.02 0.01 0.11
Mass factorization 0.11 0.10 0.42 0.19 0.54 0.60 0.12 0.16 0.18
Bj contamination 0.04 0.05 — 0.02 — 0.17 (0.07) (0.03) —
D—-wave component 0.04 0.04 0.02 — 0.07 0.13 0.01 0.03 0.02
Bkgcat 60 0.07 0.04 0.02 0.10 0.18 0.18 0.02 — 0.01
Multiple candidates 0.01 - 0.27 0.22 0.90 0.41 0.01 0.01 0.24
Particle identification 0.06 0.09 0.27 0.27 1.31 0.51 0.05 0.15 0.46
Cgqp factors — 0.01 0.01 0.03 0.73 0.41 — 0.01 0.04
DTR model portability — — 0.08 0.03 0.26 0.09 — — 0.09
DTR calibration — — 0.03 0.02 0.11 0.07 — — 0.05
Time bias correction 0.04 0.05 0.06 0.05 0.77 0.11 0.03 0.05 0.44
Angular efficiency 0.05 0.14 0.25 0.32 0.42 0.44 0.01 0.02 0.13
Angular resolution 0.01 0.01 0.02 0.01 0.02 0.08 — 0.01 0.02
Kinematic weighting 0.24 0.09 0.01 0.01 0.98 0.86 0.02 0.03 0.31
Momentum uncertainty 0.08 0.04 0.04 — 0.07 0.11 0.01 — 0.13
Longitudinal scale 0.07 0.04 0.04 — 0.10 0.09 0.02 - 0.31
Neglected correlations — — — — 4.20 4.96 — — —
Total sys. unc. 0.32 0.24 0.6 0.5 4.8 5.2 0.14 0.24 0.9
Stat. unc. 0.17 0.23 2.2 1.1 7.5 6.0 0.14 0.44 3.3

o O, |A]|, AL, Am, are statistically limited
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Systematics for ¢

LHCb-PAPER-2023-016

Source ¢§§8 |)\| |A0|2 |AJ_|2 5“ — 50 5J_ — 50
Time resolution 49 26 0.8 0.8 0.1 3.4
Flavor tagging 48 4.7 0.9 1.3 1.2 9.7
Angular acceptance 39 49 14 1.7 4.7 1.2
Time acceptance 23 1.7 0.1 0.1 5.6 0.7
Mass fit & factorization 2.2 4.4 1.9 2.3 2.3 2.5
MC truth match 1.1 0.2 0.1 0.1 0.2 0.3
Fit bias 0.8 0.7 0.9 0.3 3.6 0.7
Candidate multiplicity 0.3 02 0.1 0.8 0.2 0.1
Total 8.8 86 2.7 3.3 8.5 10.7

Parameter Result

%% [rad | —0.042 £ 0.075 £ 0.009

Al 1.004 £ 0.030 £ 0.009

Aol 0.384 4 0.007 4 0.003

Al 0.310 % 0.006 + 0.003

o —dp [rad | 2.463 £ 0.029 £ 0.009

5J_ — 50 [rad ] 2.769 0.105 £ 0.011

P. Li - Beauty 2023@Clermont-Ferrand -
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Systematics for ¢

LHCb-PAPER-2023-016

Source ¢§§8 |)\| |A0|2 |AJ_|2 5“ — 5() (5J_ — (50
Time resolution 49 26 0.8 0.8 0.1 3.4
Flavor tagging 48 4.7 0.9 1.3 1.2 9.7
Angular acceptance 39 49 14 1.7 4.7 1.2
Time acceptance 23 1.7 0.1 0.1 5.6 0.7
Mass fit & factorization 2.2 4.4 1.9 2.3 2.3 2.5
MC truth match 1.1 0.2 0.1 0.1 0.2 0.3
Fit bias 0.8 0.7 0.9 0.3 3.6 0.7
Candidate multiplicity 0.3 02 0.1 0.8 0.2 0.1
Total 8.8 86 2.7 3.3 8.5 10.7

Parameter Result

¢z§s [rad ] —0.042 4 0.075 £ 0.009

Al 1.004 £ 0.030 £ 0.009

Aol 0.384 4 0.007 & 0.003

Al 0.310 % 0.006 + 0.003

o —dp [rad | 2.463 £ 0.029 £ 0.009

5J_ — 50 [rad ] 2.769 0.105 £ 0.011
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SystematiCS for Sin 2ﬁ | HCb-PAPER-2023-016

Source a(S) o(C)
Fitter validation 0.0004 0.0006
AT'; uncertainty 0.0055 0.0017

FT calibration portability 0.0053 0.0001
FT' Aeyag portability 0.0014 0.0017
Decay-time bias model  0.0007 0.0013

S%‘IZIE_ZWW_)Kg = 0.714+£0.015 (stat) £0.0074 (syst)
C’%ﬁjwﬂ_)@ = 0.013+0.014 (stat) £ 0.0025 (syst)
nglzrg)ng = 0.647£0.053 (stat) =0.018 (syst)
05(112%)21(5) = —0.083 £ 0.048 (stat) +0.0053 (syst)
S%z?ie+e—)Kg = 0.752+0.037 (stat) =0.084 (syst)
CHRun 2 = 0.046 £ 0.034 (stat) +0.0077 (syst)

Jip(—ete )KY

P. Li - Beauty 2023@Clermont-Ferrand - 30


https://link.springer.com/article/10.1140/epjc/s10052-019-7159-8

Time-dependent angular fit
EPJC79(2019)706

10
P(t, 0k 0, 0y | 8) & Y NIy(Ofi(Ok. 0, b)) — by, Amy, AL T —T,
k=1
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Time-dependent angular fit
EPJC79(2019)706

10
P(t, 0k, 0,, by 5,) Z N (DOf(Ox, 00 b)) — ¢y Amy, AT, T —T,

Pt Qq°S, 55K, 08, nSSK,at)

10

o 3 CE N fi(@)ems, (1)
k=1

) {[Q (CI , qSSK OS, 77SSK) hy (t|Bg)
+Q(a7% a5, 1% ™) b (11B)] © R (1 —1'18,)}
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Time-dependent angular fit

‘q)(ta 9]{7

(t quOS SSK . OS

5 1M

10
O, P11 8) & D Nely(0)fi (.
k=1

SSK , 81‘)

o Z Cho Nl e, (1)

-{[Q(q S, gSSK. OS,nSSK)

Q ( OS SSK,

n

OS

» 1

SSK)

i (¢1By)
hi (11B5)| @

EPJC79(2019)706

0,8 — ¢, Amg, AT, T, —T,

Angular amplitudes

R(t —1'18;)}
NI I
1 | |Agl|? 2 cos? Ok sin” 6,
2 | |Ay* | sin?6(1 —sin® 6, cos® py,)
3 | |AL]® | sin®68k(1 — sin® 6, sin® @)
4 | |AjAL| sin® 6 sin® 6, sin 2¢py,
5 | |AoAy| | 3v/2sin26jsin 26, cos oy
6 | |[ApgAL| —%\/ﬁ sin 20, sin 26, sin ¢y,
7 |A5|2 % SiIl2 9#
8 | |AsA, %\/6 sin 0, sin 26, cos ¢y,
9 | |AsAL| | —3V/6sinbysin26,sinpy,
10 | |[AgA, 3 cos O sin? 0,
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Time-dependent angular fit
EPJC79(2019)706

10
P(t, 0k 0, 0y | 8) & Y NIy(Ofi(Ok. 0, b)) — by, Amy, AL T —T,

Angular amplitudes
(t quOS SSK . OS SSK’at)

11 C&p account for the interference

between P- and S- wave
X Z CSPNk.Edata(t)

. {[Q (q S gSSK 08 77SSK) hy (tIB?)
+9(q 0S SSK ,0S nSSK) he (61B%)] ® R (t — 7'15,))

| o | O
1 | |Ao|? 2 cos? Ok sin” 6,

2 | |Ay* | sin?6(1 —sin® 6, cos® py,)
3 | |AL]® | sin®68k(1 — sin® 6, sin® @)
4 | |AjAL| sin® 6 sin® 6, sin 2¢py,

5 | |44 %\/5 sin 26y, sin 26,, cos @y,
6 | |[ApgAL| —%\/ﬁ sin 20, sin 26, sin ¢y,
7 |A5|2 % SiIl2 Hﬂ

8 | |AsA, 1V/6sin 6y sin 26,, cos ¢y,
9 | |AsAL| | — %\/6 sin 6 sin 20, sin @y,
10 | |[AgA, % 3 cos O sin? 0,
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Time-dependent angular fit
EPJC79(2019)706

10
P(t, 0k 0, 0y | 8) & Y NIy(Ofi(Ok. 0, b)) — by, Amy, AL T —T,

Angular amplitudes
(t quOS SSK . OS SSK,at)

11 C&p account for the interference

between P- and S- wave
X Z CSPNk.Edata(t)

flavor tagging
{[Q (qos SSK’ nos, nSSK) L (tlBS)

+0O (995, ¢°55, 195, 1555 hy (¢1BY)] ® R (¢ —7'15,))

o | OO
| Ag|? 2 cos? Ok sin” 6,

|Aj|? | sin® 6 (1 — sin® 6, cos? pp,)

|AL|? | sin® k(1 — sin® 6, sin® p3,)
|Aj AL | sin® 6 sin® 6, sin 2¢py,
%\/5 sin 20y, sin 260,, cos o,
|AgAL| | —14/2sin 26 sin 26, sin

|A5|2 % SiIl2 HM
AsA) 1V/6sin 6y sin 26,, cos ¢y,
|[AsAL| | —3V/6sin 6y sin26,,sin gy,
3 cos Ok sin? 0,

© 00 O O i W N =X
N
o
B
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Time-dependent angular fit
EPJC79(2019)706

10
P(t, 0k 0, 0y | 8) & Y NIy(Ofi(Ok. 0, b)) — by, Amy, AL T —T,

Angular amplitudes
P(t quos SSK , OS SSK’at)

RARRR/ C&p account for the interference

between P- and S- wave
o Z Ch N, (1)

flavor tagging
{[Q (qos SSK, 7708, nSSK) hy (tIBf)

+HO (9%, °%%, 195, 0°%5) hi (1|BY) ] © R (¢ —1'15:)}

3 Al't Al't
hk(t|Bg) — — It (ak cosh —— + by sinh —— k Ay, q—
4 ¢ 2 2 1 | |Agl|? 2 cos? Ok sin” 6,
. 2 | |Ay* | sin®6x(1 — sin® 6, cos® py)
tck cos(Amt) + di sin(Amt) | , 3 | |AL]® | sin®68k(1 — sin® 6, sin® @)
4 | |AjAL| sin? @, sin” 6, sin 2¢
= 3 ATt ATt [t k " h
hi(t|BY) = Ee‘” (ak cosh 5 + by sinh =N 5 | |AoAy| | 3v/2sin26jsin 26, cos oy
6 | |[ApgAL| —%\/5 sin 20, sin 26, sin ¢y,
—ci cos(Amt) — dy sin(Amt)) , 7| |Asl|? =sin® 6,
8 | |AsA, %\/gsin 0 sin 20, cos ¢y,
1 . . .
a,, b, c,, d, involve strong and weak phases 9 | [AsA,] _5‘{681n O Sin 2@5 SUL PR
10 | |[AgA, 3V 3cosbtgsin®f,

(0, ¢,) of each component
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Time-dependent angular fit
EPJC79(2019)706

10
P(t, 0k 0, 0y | 8) & Y NIy(Ofi(Ok. 0, b)) — by, Amy, AL T —T,

Angular amplitudes
P(t quos SSK , OS SSK’at)

RARRR/ C&p account for the interference

X Z CSPNk.Sdata(t) between P- and S- wave
flavor tagging
{[Q (qos NS 1 (¢1BY)

+Q (qos, >k, 7, "SSK) hi (11B5)] ® RA(E=118:) } decay-time resolution

3 Al't Al't
hk(t|Bg) — — It (ak cosh —— + by sinh —— k Ay, q—
4 ¢ 2 2 1 | |Agl|? 2 cos? Ok sin” 6,
. 2 | |Ay* | sin®6x(1 — sin® 6, cos® py)
tck cos(Amt) + di sin(Amt) | , 3 | |AL]® | sin®68k(1 — sin® 6, sin® @)
4 | |AjAL| sin? @, sin” 6, sin 2¢
= 3 ATt ATt [t k " h
hi(t|BY) = Ee‘” (ak cosh 5 + by sinh =N 5 | |AoAy| | 3v/2sin26jsin 26, cos oy
6 | |[ApgAL| —%\/5 sin 20, sin 26, sin ¢y,
—ci cos(Amt) — dy sin(Amt)) , 7| |Asl|? =sin® 6,
8 | |AsA, %\/gsin 0 sin 20, cos ¢y,
1 . . .
a,, b, c,, d, involve strong and weak phases 9 | [AsA,] _5‘{681n O Sin 2@5 SUL PR
10 | |[AgA, 3V 3cosbtgsin®f,

(0, ¢,) of each component
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Time-dependent angular fit
EPJC79(2019)706

10
P(t, 0k 0, 0y | 8) & Y NIy(Ofi(Ok. 0, b)) — by, Amy, AL T —T,

Angular amplitudes
(t quOS SSK . OS SSK’at)

RARRR/ C&p account for the interference

between P- and S- wave
X Z CSPNk.Edata(t)

flavor tagging
{[Q (qos SSK’ ﬂOS, nSSK) hy (fl Bf)

+O (qos, gSSK, nOS, nssx) i (11B9)] @ R (t _ 5t)} decay-time efficiency

decay-time resolution

3 Al't Al't
hk(t|Bg) — — It (ak cosh —— + by sinh —— k Ay, -—
4 ¢ 2 2 1 | |Agl|? 2 cos? Ok sin” 6,
. 2 | |Ay* | sin?6(1 —sin® 6, cos® py,)
tck cos(Amt) + di sin(Amt) |, 3 | |AL]® | sin®68k(1 — sin® 6, sin® @)
4 | |AjAL| sin? @, sin” 6, sin 2¢
= 3 ATt ATt [t k " h
hi(t|BY) = Ee—l“t (ak cosh 5 + b sinh =N 5 | |AoAy| | 3v/2sin26jsin 26, cos oy
6 | |[ApgAL| —%\/ﬁ sin 20, sin 26, sin ¢y,
—ci cos(Amt) — dy sin(Amt)) , 7| |As|? =sin® 6,
8 | |AsA, %\/6 sin 0, sin 26, cos ¢y,
1 . . .
a,, b, c,, d, involve strong and weak phases 9 | [AsA,] _5‘{681n O Sin ?95 SUL PR
10 | |[AgA, 3V 3cosbtgsin®f,

(0, ¢,) of each component
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