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Introduction & Outline

 LHCDb original detector now retired
= huge success
= unprecedented b and c sample
e Still many key measurements
coming out N RamEa R Y %[ =
* Run 3 analyses ongoing _
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Study of CP violation in B?S) —DK*(892)° decays with D—Kr(rtrt), (i), and KK final states
(arXiv:2401.17934, submitted to JHEP - Fresh)

* A model-independent measurement of the CKM angle y in partially reconstructed B*—D*h*
decays with D—K2h*h~ (h=m,K)
(arXiv: 2311.10434, JHEP 02 (2024) 118)

* Measurement of the CKM angle y using the B*—=D*h* channels
(arXiv: 2310.04277, JHEP 12 (2023) 013)

« Measurement of the CKM angle y in the B—=DK*? channel using self-conjugate D—KZh*h"~
decays (arXiv:2309.05514, Eur. Phys. J. C 84 (2024) 206)

Part 1: CKM angle y


https://arxiv.org/abs/2401.17934
http://arxiv.org/abs/2311.10434
https://doi.org/10.1007/JHEP02(2024)118
http://arxiv.org/abs/2310.04277
https://doi.org/10.1007/JHEP12(2023)013
https://arxiv.org/abs/2309.05514
http://dx.doi.org/10.1140/epjc/s10052-023-12376-z
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v = ¢s=arg| - VodV Measure in tree-level processes
7 y=(66.2 +3.5)° = precise SM benchmark
No top quarks —can (HFLAV)
measure at tree-level Compare to indirect constraints (unitarity)
via interference of y=(65.5+1.3)° = sensitive to NP
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CPV in BY —D°K*(892)° decays B

. LW
Use D decays to CP-eigenstate (rt'rt, K*K™, 411%) G /®\

and via CF/DCS paths (K¥t*, K 1t*mt*mt) @ eiv eid

Interference = CP asymmetries = sensitive toy \@/

Full Run 1+2 sample (9fb™1)
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Example fit for B —K*(D —K~3m) channel
= 7 channels x 2 B flavours = 14 samples fitted
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http://arxiv.org/abs/2401.17934

CPV in B? —D°K*(892)° decays

arXiv:2401.17934
(Submitted to JHEP)

4-fold

ambiguity

— [
Parameter Value LI) -
Ak 0.031 % 0.017 £ 0.015 — 08l
Rix 0.069 & 0.013 = 0.005 B
- 0.093 + 0.013 = 0.005 i
K -
Agires  —0.012 £ 0.018 £ 0.016 = 0or
Rixrn 0.060 + 0.014 = 0.006 B
e 0.038 + 0.014 + 0.006 . 0.4~
REK 0.811 £ 0.057 £ 0.017 60% more precise i
KK . -
o 1.104 £ 0.111 + 0.026 B
o 0.034+0004+0016  for CPV parameters of
REp 0.882 4 0.086 + 0.033 (still stat. limited)
AL, 0.021 + 0.087 £ 0.016
A: asymmetries

ratios of rates
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http://arxiv.org/abs/2401.17934

CPV in B? —D°K*(892)° decays

Parameter Value

Ascr 0.031 & 0.017 £ 0.015
R 0.069 £ 0.013 % 0.005
R 0.093 £ 0.013 % 0.005
Agrrr —0.012£0.018 £ 0.016
Rierr 0.060 + 0.014 + 0.006
R rrr 0.038 £ 0.014 % 0.006
REK 0.811 £ 0.057 4 0.017
ABK —0.047 £ 0.063 & 0.015
18 1.104 £ 0.111 £ 0.026
s —0.034 % 0.094 & 0.016
RET 0.882 4 0.086 % 0.033
AL, 0.021 £ 0.087 & 0.016

Combining with recent LHCb
analysis of BO—=DK*0 with D—Kgh*h-
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60% more precise
than previous best
for CPV parameters

(still stat. limited)

Eur.Phys.).C 84 (2024) 2, 206

CKM and CPV in beauty and charm

-0.50 =025 0.00 025 050

(arXiv:2309.05514)

T4

Mark Williams

Moriond EW, March 2024

arXiv:2401.17934

(Submitted to JHEP)
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http://arxiv.org/abs/2401.17934
https://doi.org/10.1140/epjc/s10052-023-12376-z
https://arxiv.org/abs/2309.05514

B* @D h*, D2K%h*h"

Multibody final state with rich resonant structure /wa

= strong phases depend on Dalitz coordinates

Model-agnostic: use binned input from BESIII & CLEO \@

arXiv:2003.00091 arXiv:2007.07959 arXiv:1010.2817

= first time in LHCb & first with

Approach 1: Reconstruct D*—Dm® and Dy model-agnostic approach (Run 1+2)

= Better control of backgrounds
JHEP 12 (2023) 013 (arXiv:2310.04277)

Approach 2: no t°/y reconstruction = update with full Run 1+2
= Higher signal efficiency JHEP 02 (2024) 118 (arXiv:2311.10434)
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https://doi.org/10.1007/JHEP02(2024)118
http://arxiv.org/abs/2311.10434
https://doi.org/10.1007/JHEP12(2023)013
http://arxiv.org/abs/2310.04277
https://arxiv.org/abs/2003.00091
https://arxiv.org/abs/2007.07959
https://arxiv.org/abs/1010.2817

B* @D h*, D2K%h*h"

T ' arXiv:2310.04277

a2 Ir
. , 9 LHCbl (JHEP 12 (2023) 013)
Single clear maximum — 08 91b™
—_ . . i . i ,.y — (69+13 o
Statistically limited 060 (6913;) N —14) »
! 1\ ] K —0.15+0.03,
(outloon T N\ P s L 1 rB'™=0.01+0.01,
Hroo > Y- 0.2: f:ct?nstructed 6B*K = (311 + 14)0’
* Most benchmark channels [ 953 ] s — o
) 0 R 5 = (37T£37)".
completed with Run 1+2 0 50 100 15°y ]
* More data
= more precision 3 'Fo T T 7 ] aXiv:2311.10434
L - Partially ] (JHEP02(2024)118)
* Investigating new channels [ reconstructe i
L for full exploitation in Run 3 of = (92+21)°,
: D*K = 0.0807 8.%%,
i = (310755)°,
j: = 0.009%5 07,
% 50 100 150 6 ™ = (30413%)°.
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http://arxiv.org/abs/2310.04277
https://doi.org/10.1007/JHEP12(2023)013
http://arxiv.org/abs/2311.10434
https://doi.org/10.1007/JHEP02(2024)118

A measurement of Al'g

(arXiv:2310.12649, Submitted to JHEP)

* Measurement of CP violation in B2 ()(—£2*27)KE(—m*n") decays
(arXiv:2309.09278, PRL 132 (2024) 021801)

* Improved measurement of CP violation parameters in B¢—J/PK*K~ decays in the vicinity of
the ¢(1020) resonance (arXiv:2308.01468, PRL 132 (2024) 051802)

E e Measurement of CP asymmetries and branching fraction ratios of B~ decays to two charm
mesons (arXiv:2306.09945, JHEP 09 (2023) 202)

* Precision Measurement of CP Violation in the Penguin-Mediated Decay B3—d ¢ ;_’:
(arXiv:2304.06198, PRL 131 (2023) 171802) M

Part 2: CPV in B, decays


http://arxiv.org/abs/2310.12649
http://arxiv.org/abs/2309.09728
https://doi.org/10.1103/PhysRevLett.132.021801
http://arxiv.org/abs/2308.01468
https://doi.org/10.1103/PhysRevLett.132.051802
http://arxiv.org/abs/2306.09945
https://doi.org/10.1007/JHEP09(2023)202
http://arxiv.org/abs/2304.06198
https://doi.org/10.1103/PhysRevLett.131.171802

PRL 132 (2024) 021801

Time-dependent CPV in B° decays: B (@2:00.00228)

Full Run 2 analysis of benchmark channels:  J/Q(—pp,ee)KE  P(2S)(—pp)KS

~306k ~43k ~24k
/.\ L(B°(t)— f) —T(Bt)— f) _ Ssin(Amgt) — C cos(Amyt)

ACP t) = — —
@ @ Q T(BO(t)— f) + I(B°(t)— f)  cosh(3Al4t) + Aarsinh(3ATGt)
\ @ / Time-dependent CPV parameters: C, S, Axr
asymmetry S =sin(2,B+A¢d+A¢dNP)
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https://doi.org/10.1103/PhysRevLett.132.021801
http://arxiv.org/abs/2309.09728

PRL 132 (2024) 021801

Time-dependent CPV in B° decays: B (@2:00.00228)

Full Run 2 analysis of benchmark channels:  J/Q(—py,ee)KE P(2S) (= pp)KY

/-\ ~306k ~43k ~24K
ACP (1) = L'(B°(t)— f) —T(B(t)— f) _ Ssin(Amgt) — C cos(Amgt)
@ @ [(B(t)— f) +T(B°(t)— f)  cosh(3AT4t) + Aarsinh(3ATqt)
@/ Time-dependent CPV parameters: C, S, Ayr
asymmetry S :Sin(2,8+A¢d+A(f)dNP)
&“105:""""""""""'""""""'./\ 107777
S [LHCh B € o
-1 ———- BO_, —utp ) KO ] -
~ 101 F B B s op(— £ ) KD 3
i Com})inatorial bkg. [
; e T N
= I
% 10° ¢ s L LHCDH Most recent WA:
S [ 6fb! sin(2B) = 0.699
[ BO (=4 ) K (—ntn ]
/; . _1'0-----wl(-...)I.(...I)....I....I....I- i0.017
[T AP N0V, SRR IV .V AP RPN P 0.0 2.5 5.0 7.5 10.0 12.5 15.0
5150 5200 5250 5300 5350 5400 5450 550 ¢ [ps]
m(PKg) [MeV/c?] g 717 4 0.01 n
World-best wi? =0. 0.013 (stat) & 0.008 (syst)
(better precision than WA) C¢Kg =0.008 £ 0.012 (stat) 4= 0.003 (syst) ‘0
CKM and CPV in beauty and charm Mark Williams Moriond EW, March 2024 12 ge(\%’\i\d\b
e


https://doi.org/10.1103/PhysRevLett.132.021801
http://arxiv.org/abs/2309.09728

PRL 132 (2024) 051802

Time-dep. CPV in B decays: ¢. (2rXii2308.01468)

. A3 o 00—
B2 analogue of sin(2pB) A3 S fLHCbRum26m!  # Daa
L 100 .
= suppressed from CKM 00 B = "F  ~350k —']S;agc‘gmund
. . . S S 104 . u
= precisely constrained in SM Mo 7 < 0% signal e B 0y KK
8 of ooy .
O(A?) 510 / \\
— .- . /
For b—ccs measure phase ¢, = -2B; =-0.0368(9) rad (SM) § 10°F // \\ .
4+ ~
e A N L B
5200 5300 5400 5500
m(Jhy K*K™) [MeV/c?]
g  4+Dus  LHCbRun2.60" -
% 10000k — Total fit _|
Q --.- CP-even
3 — CP-odd
= I IR T S-wave
' so00- -
7‘////‘ """""""" “‘ """""""" ‘\‘\'T\‘
0 -0.5 0 0.5
cos6
Challenges: 3

* Flavour tagging
* Time acceptance
* Angular analysis
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https://doi.org/10.1103/PhysRevLett.132.051802
http://arxiv.org/abs/2308.01468

PRL 132 (2024) 051802

Time-dep. CPV in B decays: ¢. (2rXii2308.01468)

7\3 & 1065‘ — T 1 T T T T T
. E -1 D
B2 analogue of sin(2pB) A3 % 10.S;LHCbmz,ﬁb e
= suppressed from CKM = ' ~350k —- Signal
2 BS \n i ---- Background
o . . 3 O(A ) o ]04; . 0 —
= precisely constrained in SM Mo —— <" signalf \ - #—~y xx]
O(M?) £ 0F /// \\ E
For b—ccs measure phase ¢ = -2B; =-0.0368(9) rad (SM) E 102f // \\ .
- 4+ ~ ]
= by S
— — 5200 5300 5400 5500
é’ . Parameter Values m(Jhp K*K~) [MeV/c2]
E 003 ’ o [rad] —0.039 +0.022 £0.006 o e
e | A 1.001 £0.011 £0.005 <0000, g e RO
= [ [, — Ty [ps™'] —0.0056 *5515 +£0.0014 2 e
Es AT, [ps7!] 0.08450.0044+£0.0024 = S-wave
s | Am, [ps~!] 17.743£0.033 £0.009 5 |
i |AL? 0.2463 £0.0023 +0.0024 50001~
003 | Ao |2 0.5179 40.0017 £0.0032 , e
I 5, — &g [rad] 2.903 *J07%  £0.048 TR T
. e ) — Gy [rad] 3.146 +0.061 +0.052 LT TS
(¢ ps) modulo (27t/Am,) -0.5 0 0.5 )
coS
Challenges: .
* FullRun 2 analysis of benchmark channel J/Y (¢ —)K*K~ * Flavour tagging
* No evidence for CP asymmetry « Time acceptance
« Most precise ¢, measurement, still stat. limited ° Angularanalysis

S .
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https://doi.org/10.1103/PhysRevLett.132.051802
http://arxiv.org/abs/2308.01468

Time-dep. CPV in B decays: ¢.

PRL 132 (2024) 051802

\_

(" LHCb combination: ¢s = —0.031 = 0.018 rad )

CKM and CPV in beauty and charm

BO—)D+D_ 3 fb—l LHCb
68% CL contours
0 -1
=7 0.111
a SM no per
L
5 oo 0
Combined LHCDb
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0.05 -
-0.5 -0.3 -0.1 0.1 0.3
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https://doi.org/10.1103/PhysRevLett.132.051802
http://arxiv.org/abs/2308.01468

Al', measurement

arXiv:2310.12649
(submitted to JHEP)

(full Run 1+2)

0.1
0.08F
0.06

Time-dep. ratio of decay rates

——>

Disagreement between different (I, Al§) & 016,
measurements in J/PK*K- channel i.aw O R oyl
= Motivates independent checks 012 CMS116.1 fb-L
h
0.101 (
BY — J/Ym*nt- CP-odd = measure 14 0.08 1.
B¢ — J/Yn' CP-even = measure 1, 9% cDF 9.6 fo-1
n'—po 0 %640 0.650 0.670 erIwKK[p(;.ff;)
e 024F T T T T
022 LHCb -
02 216" =
0.18 2018 |  Combine data- f , o
gij 3 takingyears LHCb J/yn' and J/1ttme:
0.12 4 Al,=0.087+0.012+0.009 pS_1

* Yields from mass fits
0.04

ombt® Correctfor detector effectsg

N E SO NS R R
0 2 4 6 8 10

t [ps]

LHCb J/Qd:

O 0845 = 0.0044 + 0.0024 ps™’
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http://arxiv.org/abs/2310.12649

Measurement of D° mixing and search for CP violation with D°—K*rt™ decays
(New for Moriond EW)

e Search for time-dependent CP violation in D=t r® decays
(New for Moriond EW)

« Search for CP violation in the phase space of D°—K%K*n* decays with the energy test
(arXiv:2310.19397, accepted by JHEP)

« Search for CP violation in the phase space of D°—=mrtnt*r® decays with the energy test
(arXiv:2306.12746, JHEP 09 (2023) 129)

Part 3: Charm


http://arxiv.org/abs/2310.19397
http://arxiv.org/abs/2306.12746
https://doi.org/10.1007/JHEP09(2023)129

Mixing and CPV in cha

Short-distance mixing highly suppressed
(CKM and GIM)

= Mixing & CPV x=Am/l' K1
very small y=AI72I K1

= Calculations challenging

S 09— 77— =y 04 i ' | ' | | ]
S | LHCD preliminary i:‘)i;lif; £ | LHCD preliminary ]
0.8 ) " ﬁc\' 02 B Before LHCb Run 2 _
[ | o | After LHCb Run 2 i
0.7 - i ]
- i = CP violation_
0.6 — I 7
i i} 02k Goal 1: discover
051 N i CPV in mixing
O 4 coillt)ur\ hulld ()?s'lfxé , ‘)IS"? ICL . | . . . | . . . _0 4 B cnnloml‘s hold ()h;('é ,95% fr‘L |
"0 0.2 04 0.6 0.8 0.2 0.1 0

. . . x [%]
https://github.com/tpajero/charm-fitter
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Mixing and CPV in charm: D°—2 Kt

DCS “WI_ Discovery channel for charm mixing
o
(Vcd*vus) ng S/o,., B
@ @ h> Fittime-dependent  pt (1) = F(Izo(t) — K'n7)
ratio R(t): I(DO(t) —» K+m~)

@ knlt) = T (Do) 5 Konh)
“R,'gh
@ a—ﬁt%””

¢
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Mixing and CPV in charm: D°—2 K*nt

DCS “Wr Discovery channel for charm mixing

Vcd*vus Ongs 7
@ | | @ s> Fit time-dependent g+ (1) = L(D°(t) » K'7™)
~. Mix CF ratio R(t): F(_O(t) — K+m)
@ KT D(DO(t) — K-t
“R,-gh

@(:F—@t%””

CPV in decay CPVin mixing

N\

t 2
Rign() ® Ricr (1% Agcr) v/ R (1 £ Agr) (cxnEAckn) ——+(Cpr T ACK,) <_)

; Ve G

DCS Interference Mixing

= Probes CPV in mixing, SU(3)r breaking, rescattering effects

& provides null test of SM. Z
Ny
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LHCb-PAPER-2024-008

Mixing and CPV in charm: D° 2 K*rt™ i peparation)

Full Run 2 data sample. Production flavor tagged via D** — D°t* decays. {NGW
/

Experimental challenges:

* Backgrounds

* Nuisance asymmetries

W
N
=

E_ LHCDb preliminary
5001 6 b

450

(R*+ R) /2 %10

400

—I— Data

Baseline

350

(R*—R) /2 x10°

CKM and CPV in beauty and charm

0 .
D" decay time / 7,

Mark Williams

/4

= determined with D°—K*K~ control mode

Signalyields: 1.6MWS 412M RS

Parameters

First evidence
-5
Ry (343.1 + 2.0) x 10 of quadratic

)
ek (51.4£3.5) x 1074 bohau
de (13.1+3.7) x 107 &« behaviour
Agr (=7.14£6.0) x 1073 No evidence
ACKW (30 + 36) X 10_4 of CPV
Acy,. (—1.9+3.8) x 1076

60% improvement in precision compared to
previous best. Still statistically limited.

' )\
A
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Mixing and CPV in charm: D°(t) 2t 't

Measure time-dependent CP asymmetry: Related to mixing and CPV parameters:
— 1—‘D(’—>fop (t) o FEO—)pr (t) AYfC’P ~ Mfcr [( 4 + P ) xsin(qS)
Acp(fep,t) = 2 P q
FDO_*fCP (t) + o, fop (t) q p
o t - = —|=| | ycos(¢ ]
~ a?CP + Achpg, ( p q ) ( )
AN

mixing-induced CPV = universal

CKM and CPV in beauty and charm Mark Williams Moriond EW, March 2024 22 P



Mixing and CPV in charm: D°(t) 2t 't

Measure time-dependent CP asymmetry: Related to mixing and CPV parameters:
_ FDO_*fCP (t) B F50—>fCP (t) A}/fcp ~ M [( ! + . ) SCSiIl((b)
Acp(fep,t) = 2 pl g
FDO_)fC’P (t) + FEO—)fCP (t) q p
. t — =l —1=]) ycos(¢ ]
za?CP_FAYfCPg’ ( p q ) ( )
AN

mixing-induced CPV = universal

— 1 T T T T T T T T T T T T T T T T
No evidence of CP violation: R : LHCb PreliminaryE
_4 = 05 - l 7.7 tb” -
AY = (—1.3+6.3+£2.4) x 10 5l .|. :
= C LT -
o A
Validated with Krtrt channel: 5—0 sE ll ~3.8M signal ]
AYignr = (-1.7+£1.8+3.5) x 10~ : D'—mra’ ]

-1 2 4 6 8
See YSF talk from 1/ T
Niall Mchugh LHCb-PAPER-2024-003 (in preparation)
A
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CPV in charm decay

2019 discovery: Difference in u
CP asymmetries Asp between D?
DO—mt*it™ and D9— K*K~

el
A

AAcp = (-15.4 = 2.9)x1074

5.30 from zero SM or BSM?

PRL 122 (2019) 211803 E T T T T ]
(arXiv:1903.08726) % 0.006f ° -
0.004 | —
0.002 [~ —
Goal 2: confirm and 0: .
characterize CPV in decay B Pt .
—0.002 - oo See YSF talk -
R from Nico Kleijne ]
—0.004 :_ ontours hold 68% 95% CL J _:
L | L L L | L L L |
2023 update of Acp(KK) 0. 004 0. 002 0 0.002 0. 204
. . 0 e as,_ ..
= 3o evidence for CPV in DY—1t*1t PRL 131 (2023) 091802 KK
(arXiv:2209.03179) 7
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https://doi.org/10.1103/PhysRevLett.131.091802
http://arxiv.org/abs/2209.03179
https://doi.org/10.1103/PhysRevLett.122.211803
http://arxiv.org/abs/1903.08726

CPV in charm decay

Next steps:
e Add new channels

 Searchforlocal CPV in phase-space of multibody decays
= Exploit different methods

Recent searches for local CPV No evidence in D0—>K§K‘rt+ (p-value 0.70),
with Energy Test method (Run 2) = DO KEK*rt~ (0.66), DOt mP (0.62).

N 240 = 3
& 1sf | LHCb 20 Z 10
> : 541b 200 =
o IoF D’ —KK*m =180 =
= 14 160 S .
& LE | 140 A
X TF ~0.6M signal 120
SN . 100
S - s 80
0.8: 60 10!
0.6 40
: 20
04, | = N S 0 ot 1
0.5 1 15 2 0.0 05 10 15 20 25 30 35
arXiv:2310.19397 mA(K ) [GeV/ct] arXiv:2306.12746 °*¢V/]
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Summary and Outlook

CP Violation Measurements

, .
We’ve come a long way since the at the Tevatron

LHC started _
(2010 MOFIOnd EW .Mark Wil{iams
CPV talk) oy
. ¢ K so
Many notable achievements bﬁa 535% B"b_/é
with Run 1+2 data ° s o

On Behalf of the CDF and D0 Collaborations

Mark Williams ‘

(2019 Moriond:
discovery of
charm CPV)

+ we’re not done yet

The future is bright!

(2030 Moriond: ???)
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PRL 131 (2023) 171802

arXiv:2304.06198

Compared to J/yd analysis: Measure weak phase q)ss§s
* Penguin dominated

+ direct CPV parameter |A|
in each polarization mode

B?
e Charmless final state

Parameter Result
S ok T 5> [ rad | —0.042 £ 0.075 £ 0.009
= M 1‘3;“3‘ (a) LHCb I\l 1.004 =+ 0.030 = 0.009
S pl— B e 6 fb | Aol 0.384 + 0.007 + 0.003
< e A gKp 1AL 0.310 = 0.006 + 0.003
o por Combinatorial ‘ 6y —0 [rad | 2.463 4 0.029 £ 0.009
= 10 Bttt T 6. —0g [rad | 2.769 +0.105 + 0.011
§ 10 e T T T T I T T T T T T T T T T T T
g %k 7 -
S L — -
'—é [ immm Run 1 +Run 2,9 fb' LHCb -
S ~16k signal
. L L Run 2,6 fb" = SM prediction o
5200 5300 5400 5500 5600
m(K*K'K'K') [MeV/c?] Run 1 + 2015 +2016,5 b’ —~t
Full Run 2 sample Run 1,3 fiy" ]
= No CPV, agrees with SM N
= Consistent across polarization states
1 1 1 1 I 1 1 1 1 I 1 1 1 1 1 1 1 1 I
.. . sss -3 -2 -1 0 1
Combining with Run 1: ¢ =-0.074 + 0.069 rad ¢ [rad] -
v
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https://doi.org/10.1103/PhysRevLett.131.171802
http://arxiv.org/abs/2304.06198

v x) = *) 0 JHEP 09 (2023) 202
B = D((g) D() arXiv:2306.09945

. . - *)— 1 (% *)4 7=(*)0
Measure time-integrated charge I(B~— D" D®%) —I(B+— D" D™")

asymmetry of decay rates B T'(B-— Dg))— D®0) + T(B+— DE:))JF o
é p
— b u/eft d o )
Tree ; T 5 Annihilation d
. - - D_
(dominant) p . . ; .
b W= c B~ < B~
B~ i ) Do PengUin %0 [ %0
T = u u > u T
\, y

«—— SM predictions —— PDG

Decay Ref. 3] Ref. 4] Ref. 5]  Ref [6]  Measured [§] Experimental input
B~— D;D° —0.28 +0.06 - —0.26100% —0.14+0.25 —0.4+0.7 essential:
B~— D:"D° —0.065+0.005 - —0.077905  —0.01+0.10 - o
B~— D;D*  0.045+0.015 - 0.037552  0.08 £ 0.03 - = more precision
B~— D~D° 495+1.08 06796 447l - 1.6 £2.5
B~—= D D* -080+0.35 —0570% —0.6704 - 13418 = more channels
B~ — D*D° 1.1940.16 0175 1.2%51 - —6+13 cp :
B~— D*D*  1.1940.16 0249  1.2%24 - —15+11 = asymmetries

(Kim, Wang, Yang) (Lu, Xiao, Wang, Li) & BR ratios

(Li, Wang, Sanda, Lu) (Xu, Wang)

Y
S
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https://doi.org/10.1007/JHEP09(2023)202
http://arxiv.org/abs/2306.09945
https://arxiv.org/abs/0812.4136
https://arxiv.org/abs/0910.1424
https://arxiv.org/abs/1008.4987
https://link.springer.com/article/10.1007/s10773-016-3149-x

JHEP 09 (2023) 202

arXiv:2306.09945

Full Run 1+2 sample D°— K~7* D*~— Dn~
' P ° D K—ntan—nt D;— K- K*wn~
* Rawyields from mass fits
D= Kt'n—wn—

* Correct for nuisance asymmetries Missing neutrals from
D.*"/ D*% decay

x10°
s b Moy T puphe, LHCb]  Results:
2 [ B-DD — B—>DD"  9fb ! :
S wp o Fmhal copmhol | : A (B~ —= D;D°) = (+0.5+ 0.2+ 0.5+ 0.3)%
§ 40 f_-— (B;(S:)Tnb?:_DH _____ B — D"D | _f ACP(B — D*_DO) 0 5 :l: 11 :I: 10 :I: 03)%
N : A(B~—= D;D*) = (+1.1£ 0.8+ 0.6 £0.3)%
)%

AP(B~—= D D*) =(-02+2.0+144+0.3)%
AP(B~— D* D% = (+33+1.6+0.6+0.3)%

< = CP *— 1*0
P 00 2200 A (B~— D*"D*) =(4+23+214+1.7+£0.3)%
m(D;D") [MeV/c?] (stat.) (syst.) (ext.)

(
(—
(
A®(B~—= D D% = (+2.54+1.0+£0.44+0.3
(—
(
(

= No evidence of CP violation
= Most precise measurements for all 7 channels (still stat. limited)

9

A
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Extra: Wrong sign D°— Km: formalism

2
RE (8) ~ Ricx (1% Ager)++/Rren (1 £ Asea) (Cren £ Ackn) ——+(her £ AL, ) (i)
12 A

TDO TDO
2
2\ |4f| |4y )

- |A7/A7|" = |A;/A;7  , —— Expect~0(107°)in SM-key null test

Kn = 7 3 ~ apcs >
|Af/AfP + [ As/ A o Mainly constrains A; = improved
Ckn & Y12 COS ¢y €OS Ap + Typ c08 P sin Ay, knowledge of SU(3)r breaking
Acgr =~ T198in qﬂ’f cos Ay — Y12 sin ¢§ sinAy,
, 1
Ckn ™ 7 (212 + Yt2) » Probe mixing-induced CPV
1
Al = §$12y12 s (¢¥ - ¢§)
¢}M — Aj = arg(— M2 Af/ Ay), ¢§VI + Ay = arg(—Mie Af/fif),
¢§ — Ap = arg(—T12 Ap/Af), ¢§: + Ay = arg(—T'12 Af/Af).
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Extra: Wrong sign D?—Km: selection (npeparston

— 15 100~ = 1.5¢ -
LT SRR &
A 0% 2 b ; z L .
S 6035 2 f LHCb preliminary ¢ ‘Fiducial selection’ removes
Kos| 05K osE £ candidates from detector
S 402 &k 20 < - :
of 0 o 0 regions with large
C B e 20 i —20 instrumental charge
0.5 _40 05 _40 .
; 60 ; 60 asymmetries
-1 -1 .
- ~80 : ‘ 80 (plots for RS candidates)
-1.55 - “S-100 1.5 TR 100
p (75) [GeV/c?] p(rd) [GeV/e?]
a X|103' L e a 30>—<|106' T T — T T T T
% 250:_ }rlc:!zl—r]zm(r;;}) _: % . }])'_rle]lzi—glg;al:y) +Data ]
T fen 1.6Msignal | 2 asfer’ s 4 M(D°m) distribution for
2 200 Pk e comb.bke. 1 WS and RS samples
~ :Z/TDOE[OA,S[ ~ 20-_1‘/7.'1)(,6[0.4,8[ .Gh - 7 .
3 g T otbke 1 after all selections.
5 1501 1 3 :
o) L o) 15+ . |
= £ F 412M signal . : :
S ook 1 S g 1 Fits to this variable
- 10F -
5 : s i 99% ]
L/ 31% purity N T : o ] ;lsed I’:c{otsubtract BG
i . . a 5 -
signal mass window] : purity rom R(Y)
Oo0s 3010 2015 2020 0005 2010 3015 2020
m(D’z?) [MeV/c?] m(D’rc?) [MeV/c?] £\ Z
Y
SO

¢
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Extra: Wrong sign D°— Km: backgrounds

x10°
S120F T a IR S
s - LHCD preliminary § - LHCD preliminary 1
E 100 |; 6" 1 7 200Fs (fb'l 0D - <05 MoV ‘Ghost’ tracks from random
S U mD” D-m . .9 MeV/c? | D'—=K* o ] . . .
S | ) - | <05 V1 2 0T \ hits give problematic BG.
£ o £ ; \ Suppressed with fidicial and
E § E Y 1 track-quality cuts.
O ¥ &) i ] . .
40 ghost [ Mv/' %\"M | Modelled with data-driven
20 |} tracks 500 i " @pproach.
i K ]
0 L N S R 0 T R S
0 5 10 15 20 2005 2010 2015 2020
O(z},m5) [mrad] m(D°7) [MeV/c?]
T o0 I ] —2020 ;
N § 2 LlHCb 4
1 preliminary .
O 10° % i 107 |eft: misID backgrounds
=.1.95 = D e .
B Py D'—=K'z in WS sample
SIS 2015 3
T R 02 2 10" Right: WS-RS cross-talk
g
1.85 SPR
2010 2
1.8 10 10
1.75 . LHCb-PAPER-2024-008
s S | 2005 i, 10 (in preparation)
14 16 18 2 22 24 2005 2010 2015 2020 /«7
m(K7),,. 1GeV/c] m(D°7c?) [MeV/c?] ‘6
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Extra: Wrong sign D°— Km: example fits

) | T T T T [ T T T T [ T T T T ~ 2<103| T T T T T T T T T T T T | —
S 3500F LHCD preliminary § = | LHCb preliminary -
RN 2018 1 & ¢ 2018 1 Example set of simultaneous
2 30001 0+ 4 < C 0 gt 1 .. . . . .
ST b=k ] 2 2s0f D'>Km 1 fits in single decay-time bin
2 2500 /7 €[1.21, 1.33[ 3 % - 77y €l1.21,133 RS
s C 3 200 1 ®
2 2000F 2 F ~+ Data ]
= C = C . i
S 1500k S 150: || signal 1° WS
: C Comb. bkg. ]
- 100F q4 e -
1000} _ : Bl Ghostbkg, ] Ghost control-sample
500F 3 S0F .
0 | ! ! ! ! | ! ! ! ! | ! ! ! ! 1 O: | . . | L . .
2005 2010 2015 2020 2005 2010 2015 2020
m(D°r) [MeV/c?] m(D’rt) [MeV/c?]
I e
300 LHCDb preliminary
2018
250 DO_)K+”_

/7, €[1.21, 1.33]

200
ghost subsample

150

Candidates / (600 keV/c?)

100

50

LHCb-PAPER-2024-008
0 (in preparation)

2005 2010 2015 2020 o N/ 7
m(D°7c¥) [MeV/c?] /‘
7
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Extra: Wrong sign D°— Km: corrections

S — |
& 0.0~ LHCDb preliminary -
2 [o6fp! :
g -0 2_— DO%K'FK_ _:
; ~0.4F + | ;
[5+] : ]
F T 1 :

~0.8F + + ;
~1.0f -
~1.2F o -

8

4 6
D° decay time / 7,5,

O
Vo)

Fits to IP used to statistically
disentangle prompt and secondary
charm — mitigates and accounts for

residual decay time bias.

CKM and CPV in beauty and charm Mark Williams

—~_~ 107 T T T T T T T T T T
! LHCb
8 . preliminary
= 10 2018 E
2 #/7,,€[0.64,0770 ]
g 10° + Data E
=4 . 3
= - Prompt D~
< 1o 3
|7 secondary 0 5
1 03 Uncertainties _:
10? E
1 1 -
0 200 400 600
IP(D”) [um]
% 1.5 T T T T ——
E LOp =, _
0.5 I L | | —
2 T T —
g LHCb
8 preliminary
Z10° 2018 -
2 V7, €1251,2.93] 3
é 10 — Data ]
=} 3
6; . Prompt D 3
1o . Secondary D"_;
Uncertainties g
10°
200 400
IP(D’) [pm]
% 15 L I E———
3 10T, £y ]
0.5 L L L | L L S | L L —

Instrumental asymmetries determined
from D9—K*K~ control mode

E T T
g LHCb
=) preliminary ]
S
= 10° 2018 E
2 /7, €146, 161 J
] ]
,_'é 10° + Data 4
5 [ Pompp™ 3
1 04 . Secondary D"f_:
Uncertainties §
10° E
Il n ]
400 600
0
P(D”) [um]
% 1.5 T T T T —
E Lofe T —
05 | | =
~ T T T T T
§ LHCb
o preliminary
e 2018
=~ —
2 /7, €[436,8.00 J
§ + Data :
E - Prompt D
®]

200

400

[T secondary D™ i

Uncertainties

600
IP(D’) [om]

= ST T

051 ! ! | ! ! ! |

=
E [N e SUUR L s PR
[a]
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Extra: Wrong sign D°— Km: decay-time bias

< 10 | | | o~ 2.5r | | | ]
S . : 1R i . i
o LHCD preliminary 1 = = - LHCb preliminary % :
a 2018 -2 [ 2018 ! i
8 - v 2.0~ —
2 . S i ]
< —t— i Na - ]
E T ?
S 6 4 5 15¢ —— -
: ; I N :
IS +*+ - 3 I B il
g + ] < 10 —— ) ]
g s ] ot | Total bias (x10) -
§ Ny T : B ] . i
b ) t B 05 B :: T I Prompt D = (x10) 7
+ | SR ! -
i i *;;P% ~ Secondary D * i
] - #**Jpwwﬁgﬁf | ]

‘ ‘ ‘ | | | | | | |
% 2 4 6 8 00 2 4 6 g

D’ decay time / 7( DY) D’ decay time / 7( DY)

Left: Secondary contamination
depends on decay time.

Right: Decay time bias from
secondary background

LHCb-PAPER-2024-008 7 /‘7

(in preparation) A
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Extra: Wrong sign D°— Km: results

Parameters Correlations Run 2 measurement
, / .
Rgr  Ckr  Cgr  Axn Ackr Ack,  and correlations

Ry, (343.14+2.0) x 107° 100.0 —92.4 80.0 09 -0.8 0.1
CKn (51.4 + 3.5) x 1074 100.0 —-94.1 -14 14 —0.7
e (13.14£3.7) x 10°° 1000 0.7 —07 0.1
Agr (=7.1£6.0) x 1073 1000 —91.5  79.4
AcCknr (3.0 + 3.6) x 1074 100.0 —-94.1
Acy. (—1.9+3.8) x 1076 100.0
RKTI’ CKr clKﬂ- AK7r ACKW AC’K‘”
Source [107%] [107% [107%] [10~%] [1074] [10~F]
Mass mismodeling 0.5 0.8 0.9 1.4 0.8 0.8
Ghost soft pions 0.4 0.8 0.8 1.1 0.8 1.1
Instrumental asymmetry - - - 1.2 0.7 0.7
af external input - - - 1.1 - - Breakdown of uncertainties:
AY external input - - - - 0.1 0.1 o e
Doubly misidentified background 0.1 0.1 0.1 - - - StatIStlcally limited for all
Common removal 0.2 —~ —~ - ~ —~ parameters
Decay-time bias 0.1 0.2 0.1 0.1 - -
mpo/Tpo external input — 0.1 0.1 - - —
Total systematic uncertainty 0.7 1.1 1.2 24 1.3 14
Statistical uncertainty 1.9 3.3 3.5 5.5 3.3 3.5 L.HCb'PAPE.R'2024'OO8
Total uncertainty 20 35 37 60 36 38 (in preparation) g O
;‘\o“ /2‘
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Extra: Wrong sign D°— Km: impact

— C 1 — 0.75 ‘ T ‘ T
§ World av;rage I d 1 2 - World average ] §‘ | World average |
E 0.35 III World average + this measurement % N ‘_I‘ 1 - World average + this measurement ] Q III World average + this measurement
E§ - o -~ 0.7+ 1
< I - LHCb prehmmary ] ]
= 0.8 - i
ol - i
0.345— :5 - 065 ] 0.65
M4 E 0.6 .
0.34~ LHCb preliminary 7 02 - i .. ]
c,ontou[s hold 68‘/( 95% CL ' ’ contours hold 68“7{ 95% CL LHCb prel‘lmlnary
! ‘ ! ‘ i ‘ . ‘ ‘ ‘ ‘
04 =03 =02 01 0 05 | 0 1 > 0332 03 04 05 0.6
Ay, [rad] al. %] X1y [%]
— 0.75 ‘ ‘ T ‘ T ‘ 10.15 ‘ ‘ ‘ ‘ ‘ ‘ T ‘ ‘ T
§ World average B i 0.05 World average
>~ i Izl World average + this measurement | 01 2 — ’ IZI World average + this measurement
0.7 - ot i L i
| | 0051 — ol No CP violation_ B
0.65— - — — i 1
0 | No CP violation® |
! 1 sl ] oosp =
061 | | Workd aversge LHCb preliminary | i |
i . . | 0.1+ III World average + this measurement 1 0.1+ . . —
contours hold 68“’/(; 95% CL LHCb prel‘lmlnary " contours hold 68%. 95% CL N ’ contours hlol(l 68%,95% CL LHCb pI'elll’l’llll’laI‘y
. . . . . ! . ! . ! . ! . ! . . .
033 3 03 0.4 05 06 915 01 005 0 005 01 0.5 ~0.05 0 0.05
x [%] ¢{j [rad] lg/pl-1
Impact of measurement on charm mixing and CPV parameters ‘
9
LHCb-PAPER-2024-008 /# /‘7
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Extra: Time-dep. CPV in D°(t) 't mt°

Measure time-dependent CP asymmetry: Related to mixing and CPV parameters:
— 1—‘D(’—>fcfp(t) o FEO—)pr (t) AYfC’P ~ Mfcr [( 4 + P ) a:sin((b)
Acp(fep,t) = 2 P q
FDO_)fCP (t) + o, fop (t) q p
ir t — = —|= coS
. ~ a’(}cp + AYfCP_7 ( p q ) Y (¢):|
CPVin decay/ VQO
(ignore) mixing-induced CPV = universal

(up to CP eigenvalue sign N¢cp)

For multibody decay, different intermediate
resonances can have different CP eigenvalues AYJ?ﬂe = |2F4j_r — 1|AY,
= Integrating over phase-space can dilute sensitivity:

For This decay mode, dominant resonances are
CP-even (ptm) so dilution is very small effect:

F7™ = 0.973 + 0.017

o B
A
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Extra: Time-dep. CPV in D°(t) 't mt°

LHCb-PAPER-2024-003 (in preparation)

o xe . oot . .
S 180 S 180
9 160 LHCb { Data g 160 f LHCD. { Data
= preliminary preliminary
2 140 77 fb_l — Fit 12 140 77 fb—l — Fit
5120 0 S I120F 0 .
-3 o Merged & - Signal S/ 00 Resolved 7 - Signal
~~
§ 80 Combinatorial § 80 Combinatorial
5
§ 60 S 60
2 w 2w
<
O 20 O 20
L L L L | L L 1 I
%40 145 150 15 %40 145 150 155
Am (MeV) Am (MeV)

Am = m(D*) - m(D9) distributions for signal channel, for merged and resolved yy
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Extra: Time-dep. CPV in D°(t) 't mt°

LHCb-PAPER-2024-003 (in preparation)

pMprRE T T T e J uvmorpE T e T
1ZMDM I~ LHCb preliminary e o] 1ZMDMI~ LHCb preliminary e —— ~
12MUM =77 fp~! —t— -] 2MUM77 ! ——— -
I5SMD R [— —— — I5MD R [~ — = 1l —
15MU R |- ——t—p— | |5MUR|| i . - —
I5SMUM — n . — 15MUM |~ T —
16 MD R |— —=ye= — 16 MD R |— = —
o et ] e i -
16 MUM — '=ﬁ=‘- — 16 MUM -—..u'n=.-_. —
v e S B A = Mo B I s -
17MU R = Avg. —i= - UMURE|  Avg —a—i —
e e B == 1 EST Ty e =
IEBMDM f—  ~ T e~ Raw - 18MDMfE- J =g - Raw —
1SMUM - AY 5, [10°] —a..  =Weighed T BEMURE AV 107 0 = Weighted
Avg. [ 1 I 1 1 1 1 I 1 1 1 1 *; 1 L L L I L L L L I— Avg' [ 1 I 1 1 1 1 ﬁ‘i 1 1 1 1 I —I
-2 | 0 1 2 -0.5 0 0.5
AY e [%] AY g 1 [%]
Measurements of AY . in different subsamples of the data, and average, before
and after applying kinematic weighting correction for nuisance asymmetries.
Shown for both signal (left) and control (right) channels.
5 N
vy
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Extra: Time-dep. CPV in D°(t) 't mt°

LHCb-PAPER-2024-003 (in preparation)

—_ 1r — : ——————T— — I e —— ———
- LHCb preliminary§ & LHCb preliminary ;
z 05F Jﬁ llm H_ 7.7 b 1 & 05F * 7.7 b =
() B ] O B ]
2 b dnm T JE of Mt E
i OF IHHIHIIH. +—— - i 0 ' S S ]
<-05F l 1 <-05F s
: D=t a’ 3 s D'—=K w7’ ]
-1y 2 4 6 8 -1y 2 4 6 8
Time-dependent CP asymmetry for all subsamples combined = slope gives AYeff
Shown for both signal (left) and control (right) channels.
AvQ)
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(=) )
Extra: CPV in B® #D°K*(892)° decays <~

Experimental observables:

r (EO — D [nK ()] I?*O)
I (B° - D [Kr(rm) K*0)

I (B° - D [rK(rm) K*) .
+ — —
Rekem = T (B9 D [Kn(em) | K0) 29 Ronkcam =

CF/DCS (ADS):
_ T(B® - D[Kn(nm)|K*°) — T(B® - D[Kn(rm)|K*)

d I'(B° - D[Km(rm)|K*) + T'(B® — D[Kn(nm)]K*)
RARGET) _ ['(B° — D[hh(nm)|K*°) + T(B® — D[hh(n7)|K*°)  B(D° — Kn(nr))
CP =

" I'(B° - D[Kn(nm)|K*) +T'(B® — D[K7(nm)|K*0 = B(DY — hh(mm
CP-eigenstates (291 DIRER) )+ DB DIKERIE) = BOP 5 Ri)

(G LW) A’é’;ﬁ”’ _ I‘(EO — D[hh(7)] ]?to) — I"(B0 — D[hh(nT)] K*o)
T'(B® - D[hh(rm)|K*°) + T'(B® — D[hh(r)|K*)
o (
Vs
CKM and CPV in beauty and charm Mark Williams Moriond EW, March 2024 31 ae(“Ooi\O‘\é


http://arxiv.org/abs/2401.17934

(=) )
Extra: CPV in B® #D°K*(892)° decays <~

Interpret measurements in terms of (y, rPX*, 3PK") with external inputs:
* Coherence factor Kgg (dilution of interference effects from non-K* decays

* Hadronic D decay parameters rpX, 8p%, Kp (for ADS)
 CP-even fractions F., (for GLW)

2K,BorDK* (2Fih("") —1) sin(ég(‘;{* ) sin(7y)

Ahh(mr): BO

OF 1+(rg§* )2+2nBo cos(Jgg{* ) cos(7)
th(ﬂﬂ)_ 1+(rg(;{*)2+2n30'rg§* (2F_ﬁh(“")—1) cos(égg{*) cos(7y)

cp 1+(’r§5{* )2 ('rg’””')2+2n30rg§*rg"””'ng’””' cos(égg(* —65’”’") cos(7y)

) 2 K 2 « K K * K

- B (rg(,K ) + (rD"(”)) + 2&307'3({{ rD"(m)mD"(”) cos (63({( +6 D”(M) + 'y)

K (mm) — o\ 2 2 N .

() 1+ (rgg{ ) (rgﬂ(m)) +2x Borgg{ 'rg"(") ngw(m) cos (555 - Jg"(”) Bs fy)

) oK™ K) gy (58 gKm) gin )

Kr(nmw) = N2 2 N

1+ (rg§< ) (rg"(”)) = 2/@0&5”(")7'5"(”) cos (55({{ - Jg"(”)) cos(7y)
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Extra: CPV in B® #D°K*(892)° decays <~
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Extra: CPV in B® #D°K*(892)° decays <~
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CKM and CPV in beauty and charm

Extra: CPV in B® —D°K*(892)° decays

arXiv:2401.17934

(Submitted to JHEP)
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Extra: CPV in B® —D°K*(892)° decays

Measured observables in B? (left) and B¢ (right) channels

Parameter Value Parameter Value
Akx 0.031 &+ 0.017 £ 0.015 Ak —0.009 £ 0.011 = 0.020
R, 0.069 % 0.013 & 0.005 Rk 0.004 + 0.002 = 0.006
e 0.093 & 0.013 £ 0.005 < K 0.004 + 0.002 = 0.006
Agner  —0.012 £ 0.018 £ 0.016 Agrirr  —0.029 £ 0.012 £ 0.021
Riy 0.060 + 0.014 + 0.006 Rigrms  0.019 = 0.004 £ 0.007
e 0.038 + 0.014 & 0.006 skeen  0.015£0.004 £ 0.007
REK 0.811 4 0.057 & 0.017 RoRK 1.000 + 0.034 + 0.016
AZE —0.047 £0.063 £ 0.015 ALK 0.062 + 0.032 £ 0.021
CP 1.104 & 0.111 £ 0.026 o 0.996 + 0.057 & 0.023
cp —0.034 + 0.094 & 0.016 ST —0.001 + 0.056 =+ 0.021
REp 0.882 £ 0.086 + 0.033 Ry 1.010 + 0.048 + 0.033
A&p 0.021 £ 0.087 + 0.016 ASE 0.017 =+ 0.044 + 0.022

arXiv:2401.17934
(Submitted to JHEP)

30 evidence for interference No evidence for interference

in KK mode (R< 1) (R=1)
o N/
v
<%
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(=) )
Extra: CPV in B® #D°K*(892)° decays <~

Arr  Rax K &p ATp Rep AP Ak Rixen Raxaen  Rip  AClr
Aprod 0.009 0.001 0.001 0.002 0.009 -  0.009 0.009 0.001 0.001 - 0.009
Ak 0.009 0.001 0.001 0.001 0.006 0.001 0.006 0.009 0.001 0.001 0.001 0.006
PID 0.008 0.004 0.004 0.012 0.010 0.010 0.010 0.010 0.004 0.004 0.017 0.011
Fit PDFs - 0.003 0.003 - - - - - 0.003  0.003 - -
Charmless Asymmetries - - - 0.011 0.006 - - - 0.001  0.001 - -
Combinatorial Asymmetries -  0.002 0.002 - 0.002 -  0.001 - 0.004  0.004 - 0.001
Input Branching Fractions - - - 0020 - 0013 - - - - 0.028 -
Total systematic 0.015 0.005 0.005 0.026 0.016 0.017 0.015 0.016 0.006 0.006 0.033 0.016
Statistical 0.017 0.013 0.013 0.110 0.103 0.057 0.064 0.018 0.014 0.014 0.084 0.088

Measurements generally limited by sample size
Largest systematic uncertainties from nuisance asymmetries and PID efficiency
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Extra: CPV in B® —D°K*(892)° decays

arXiv:2401.17934

(Submitted to JHEP)
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Extra: CPV in B® —D°K*(892)° decays

Eur.Phys.).C 84 (2024) 2, 206
Yields in bin i of Dalitz plot: (arXiv:2309.05514)

N;(B%) = %’ [F_,- + (2% + V1) F + 26/ FiF_ (x40 — y+3i)]
N;(B°) = h%° [E + (2% +y2)F_; + 26\/F,F_i(z_c; + y-si)]
Ty = 1o cos(dpgo £ )
y+ = rposin(dgo £ )

Efficiency
~dm? dmz| A mz,mQI 2n(m? ,m2,
Where: F; = f’ — [Ap(m= ) — )

T Ty dm? dmd | Ap(m ) Pr(m? )

N

= sensitive toy:

Integrated yields

K, = /dmz_dm?F |Ap(m2,m2)|?,
1

= dm?dm? |Ap(m2, m2)||Ar(m?%, m2)| cosép(m?, m?
Gi ‘/KiK—z' ; - +| D( - +)|| D( — +)| D( — +),
1

8; = dm? dm? |Ap(m2, m2)||As(m?, m2)|sinép(m?, m?2).

7 \/m ) — +| D( — +)|| D( ) +)| D( ) +)
o N/
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Extra: CPV in B® —D°K*(892)° decays

Eur.Phys.J).C 84 (2024) 2, 206
(arXiv:2309.05514)
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Model-independent approach: strong phases take from binned
measurements by BESIIl and CLEO
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Extra: CPV in B® —D°K*(892)° decays

Eur.Phys.).C 84 (2024) 2, 206

K S (arXiv:2309.05514)
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Extra: CPV in B°

Candidates / (15.0 MeV/c?)

Candidates / (15.0 MeV/c?)

CKM and CPV in beauty and charm

140 — Total

—— BY— DK
120 —

—— B> DK*
100 P v BO_)D*K*O
80 ---- B> D*K*
60 —— B> Drtrn™
i ; —— Bt DK*

Eg Combinatorial

ey

0
5200 5300 5400 5500 5600 5700 5800
m(DK*") [MeV/c?]
25
20
15
LHCb
-1
D KJK*K-
5
\ L J L J
0 LU N Lthanadhianaburasess:
5200 5300 5400 5500 5600 5700 5800

m(DK*°) [MeV/c?]

—DP° K*(892)° decays

Candidates / (15.0 MeV/c?)

Candidates / (15.0 MeV/c?)

350

300

250

200

150

100

5200

LHCb
9fb!

D— Kdn*n™

5500 5600 5700 5800
m(DK*®) [MeV/c?]

5300 5400

5200

Mark Williams

5300 5400 5500 5600 5700 5800

m(DK*®) [MeV/c?]

Moriond EW, March 2024

Eur.Phys.J).C 84 (2024) 2, 206
(arXiv:2309.05514)

Fits used to obtain
yields (global fits)

Left: long K°
Right: downstream Kg°


https://doi.org/10.1140/epjc/s10052-023-12376-z
https://arxiv.org/abs/2309.05514

Extra: CPV in B® —D°K*(892)° decays

Eur.Phys.).C 84 (2024) 2, 206

(arXiv:2309.05514)

Yields for signal and non-negligible backgrounds:

Component D — K{rtn~ D — Kintn~ D — KJK*K~ D — KSKTK~

long downstream long downstream
BY — DK*0 102 £+ 17 288 + 25 12+ 6 32 + 8
B? — D°K*0 2.4 + 04 7.1+ 0.6 0.32 £ 0.08 1.2 +£0.2
Combinatorial 84 £ 8 133 £ 11 16 &+ 3 11 +14
BY - D*K** 1714+ 14 44 + 2 23 +05 71+0.8
B® —» D*K*0 <1 <1 <1 <1
B - Drntn— <1 1.8 £0.5 <1 <1
B* - DK* <1 20+£04 <1 <1

CKM and CPV in beauty and charm Mark Williams Moriond EW, March 2024 43 Re“%\oi\"(\


https://doi.org/10.1140/epjc/s10052-023-12376-z
https://arxiv.org/abs/2309.05514

Extra: CPV in B® —D°K*(892)° decays

Eur.Phys.J).C 84 (2024) 2, 206
(arXiv:2309.05514)

2D confidence regions for CP

asymmetry measurement Raw asymmetry per Dalitz bin pair
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Extra: CPV in B® —D°K*(892)° decays

Eur.Phys.).C 84 (2024) 2, 206

(arXiv:2309.05514)

Systematic uncertainties. Statistical precision dominates.

Source o(zy) o(z-) oly+) o(y-)
Efficiency correction of (¢;,s;) 0.001 0.001 0.002 0.001
F; inputs 0.006 0.007 0.001 0.000
Mass Fit 0.002 0.006 0.005 0.004
B° — D*K*° CP violation 0.001 0.001 0.001 0.001
Value of 0.000 0.001 0.003 0.002
Charmless background 0.009 0.008 0.000 0.005
Bin migration 0.001 0.001 0.000 0.002
Fitter bias 0.003 0.003 0.006 0.004

Total of above systematics 0.011 0.013 0.009 0.011
Strong-phase measurements 0.005 0.004 0.017 0.024
Statistical uncertainty 0.086 0.086 0.105 0.128
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Extra: B* —&D" h*, D2K%h*h"

Decay amplitude:

A(B~ - D*h™) x Ap(s_,sy) + fpo-Ap(s_, s+)r§*hei(53*h—")

/' / ™~ Strong and weak phase differences
CF decay CS decay

Ratio of magnitudes

DOt0: +1
DOy: -1
Strong-phase depends
With D° decay amplitude: /on Dalitz coordinates

Ap(s_,sy) = A(D° — KOhth™) = |Ap(s_, s, )|e?P(s-+)
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arXiv:2310.04277

Extra: B* @D h*, D—KZh*h™ (full reco) weezeoos

Model
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arXiv:2311.10434

Extra: B* »D"h*, D—=K%h*h™ (part reco) “= ==
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Extra: B*
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Extra: B* = D" h*, D—Kh*h" (full reco) w“eeizeon
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Extra: B* —D"h*, D—Kh*h™ (full reco) ez
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Extra: B* = D" h*, D—Kh*h" (full reco) w“eeizeon
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Extra: B* —=D" h*, D—K%*h™ (full reco)

arXiv:2310.04277
(JHEP 12 (2023) 013)

Yields for datasets
with DO—Kgrt*m™:

Component Yield
Bt — D*r*,D* — D% | 1273 + 32
BT — D*n",D* — D~ | 3692 £ 158
B~ — D*r—,D* = D% | 1290 & 33
B~ — D*n~,D* — D~ | 3683 & 160
Bt - D*K+*, D* - Dr° | 11247
B* — D*K*,D* — Dvy | 358+ 33
B~ —» D*K~,D* - D% | 109+6
B~ - D*K~,D* — Dy | 419+35

CKM and CPV in beauty and charm Mark Williams

Yields for datasets
with DO KK*K™:

Component Yield
Bt — D*r*,D* - Dn% | 199413
Bt — D*nt,D* — Dy | 782+49
B~ — D*r—,D* = Dn° | 197413
B~ — D*n—,D* — Dy 740 £ 48
BT = D*K*,D* — Dn° 13 +2
BT — D*K*,D* — D~ 69 + 11
B~ — D*K—,D* — Dn° 13 +2
B~ — D*K—,D* — Dy 57 £ 11
Q)
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Extra: B* —D"h*, D—Kh*h™ (full reco) ez

CP asymmetries per CP asymmetries per
bin for B*—=D*K* bin for B*—D*mt*
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Extra: B* = D" h*, D—Kh*h" (full reco) w“eeizeon

P = ( 11.42£3.16+1.26+0.41) x 1072,
K = (—8.91+3.55+2.04+0.23) x 1072,
y? = ( 3.60+4.41£2.12+0.30) x 1072,
y?" K = (-16.75+3.98+ 1.48 £ 0.64) x 1072,
zg "= ( 0.51+5.00+2.66+0.93) x 1072,
ye "= ( 7.92+5.04+3.78+0.83) x 1077,

v = (69113)°,
r2™K = 0.15 4 0.03,
r2 ™ =0.01£0.01,
65 K = (311 &+ 14)°,
68 ™ = (37 £ 37)°.

Source o(@2"K) | o(@2"K) | oy2K) | o4 K) | o(a2"") | o(u2)

Neglecting correlations 0.05 0.03 0.19 0.04 0.70 1.48

Efficiency correction of (¢;, s;) 0.53 0.18 0.18 0.20 0.64 1.73

Invariant mass shape parameter 0.09 0.16 0.20 0.05 0.39 0.06

Fixed yield ratios 0.09 0.03 0.03 0.01 0.33 0.15

Bin dependence of the invariant-mass shape 0.40 0.38 0.41 0.33 1.78 1.57

DP bin migration 0.32 0.70 0.03 0.17 1.2 2.0

AY background 0.97 1.34 0.55 0.77 1.13 1.43

Semileptonic B backgrounds 0.27 1.29 0.02 0.67 0.03 0.04

Merging data subsamples 0.06 0.02 0.12 0.03 0.06 0.34

CP-violation in B*° — DK*x0F 0.03 0.13 1.97 0.99 0.13 0.68

Total systematic 1.26 2.04 2.12 1.48 2.66 3.78

Strong-phase inputs (external) 0.41 0.23 0.30 0.64 0.93 0.83
Statistical 3.16 3.55 4.41 3.98 5.00 5.04 v
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Extra: B* —D"h*, D—Kh*h™ (full reco) ez
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Extra: B* —D"h*, D—Kh*h™ (full reco) ez
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Extra: B* =& D" h*, D—K%h*h™ (part reco) (s o s

Ksttit channels. DK (left); Dt (right). top/bottom are different KS categories
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Extra: B* =& D" h*, D—K%h*h™ (part reco) (s o s

KsKK channels. DK (left); Dt (right). top/bottom are different KS categories
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Extra: B* =& D" h*, DK% *h" (part reco)

arXiv:2311.10434

(JHEP 02 (2024) 118)

Signal and BG yields:

Reconstructed as:

D decay Component B* - DK* B* - Dr*

D — K{ntm~  B* — D*[Dn’]K* 6244 +12 2716 +5
B* — D*[DnOr* 340+ 1 113170 =229
B* — D*[Dy]K* 3144 + 6 1247 £2
B* — D*[Dy|n* 166+1 60285+ 121
B* - DK* 10398 +£21  4726+9
B* — Dr* 590+ 1 196804 + 398
Other backgrounds 10402 + 105 206 664 + 592
Combinatorial background 1343 + 147 15177 £ 706

D — K{KTK~ B* — D*|Dr’|K* 790 + 3 344 +1
B* — D*[Drn* 43+1 14327465
B* = D*[Dy]K* 397+ 1 157+ 1
B* — D*[Dy|n* 21 +£1 7636 + 34
B* - DK* 1527 + 6 694 + 2
B* — Drn* 88+1 29786+ 135
Other backgrounds 1573+ 15 31278 £115
Combinatorial background 263 + 46 4413 £+ 261
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Extra: B* =& D" hi, D_’th-l-h_ (part reCO) (JHEP 02 (2024) 118)
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Extra: B* =& D" hi, D_’th-l-h_ (part reCO) (HEP 02 (2024) 118)

Results:

2P = (—6.3+2.9+1.140.6) x 1072,
* v = (92+21)o
yP'K = (—4.8+£57+14+15) x 1072, -17)
. r2°K — .080+0-022
27K = ( 6.0£2.6+0.9%0.2) x 1072, B ~0.023)
+* (SD*K — (310+15 o
yP'K = ( 544£29+0.9+0.4) x 1072, B “20)"
% TD T _ 0.0094-0.005
REP™) =(11.5+£9.44+3.3+23) x 1072, B o
S(EP™) = (~0.9 £ 9.7 £ 2.5 £ 2.1) x 1072, 0p " = (30415)".
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Extra: B* =& D" hi, D_’th-l-h_ (part reCO) (IHEP 02 (2024) 118)

Systematic uncertainties:

Source gD K DK DT DT (Dt (gD
Efficiency correction of (¢;,s;) | 0.23  0.29 021  0.20 0.47 0.31
Mass shape parameterisation | 0.35 0.58 0.38 0.33 1.17 0.90
Fixed £p- parameter 0.14 019 0.15 0.08 0.22 0.32
Fixed branching ratios 0.58 044 033 0.50 1.09 0.54
Fixed efficiencies 0.23 048 0.18 0.27 0.70 0.38
Fixed yield ratios 0.66 085 046 043 1.45 0.77
Bias Correction 0.29 035 0.12 0.16 0.62 0.51
Dalitz-bin migration 0.00 0.02 0.04 0.10 0.03 0.11
Inputs for CPV backgrounds 035 033 038 0.21 2.22 1.93
Total of above uncertainties 1.11 136 0.85 0.87 3.28 2.46
Strong-phase inputs 0.57 1.54 0.18 041 2.33 2.13
Total systematic uncertainty 1.25 2.05 087 095 4.02 3.26
Statistical uncertainty 293 5.69 258 2.87 9.37 9.67

CKM and CPV in beauty and charm Mark Williams Moriond EW, March 2024 63 ae“‘\f\(;(@‘\


http://arxiv.org/abs/2311.10434
https://doi.org/10.1007/JHEP02(2024)118

Extra: B* =& D" h*, D—K%h*h™ (part reco)

Systematic uncertainties:
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Extra: Time-dependent CPV in B2 decays: B

“n — 1.0 T T T T T PRL 132 (2024) 021 801
\—cg 104 t Data = + B9-BY yield asymmetry H
= — BO o KD g i T Teulgi (arXiv:2309.09278)
= --=- BY = y(28) (=t ) K < |
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< E N B
10! 3 h \.\' . P —0.5 [ LHCb
- LHCD ' [ 6fb!
100'_ 6 b1 [ B (=0T KY(— i) ]
é....l............. Dy i _‘O PRI SN T SN N TR TN TN SN NN SN SO W S [T ST ST ST TN N S S S T |
2.5 5.0 7.5 10.0 12.5 15.0 0.0 2.5 5.0 7.5 10.0 12.5 15.0

t [ps]

Flavour tagging efficiency and dilution

t [ps]

Systematic uncertainties:

Channel Etag | J0] D? %) Source a(S) o(C)
O = Jp(— M p)KS 85.34+£0.05 4.661+0.013 Fitter validation 0.0004 0.0006

O = Jp(—ete )Ks 92.20£0.08  6.462+0.032 Decay-time bias model ~ 0.0007  0.0013
"= P(25) (= pTpT)Ks  84.81+0.15  4.59 £0.04 FT Acag portability 0.0014 0.0017
FT calibration portability 0.0053 0.0001
ATy uncertainty 0.0055 0.0017

)
GSM
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Extra: Time-dep. CPV in B2 decays: ¢ @xx28.019

Projections of background-subtracted signal distributions on four fit variables
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Extra: Time-dep. CPV in B2 decays: ¢ @xx28.019

Fit results with CPV parameters
floating separately for each
polarization mode:

LHCb constraints and combination from
different channels and data samples:
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Extra: Al measurement T
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Extra: Al measurement T

Time-dependent ratios of yields:

e 024 Ty g 0T —
022 LHCb 0.22f LHCb LHCb
0.2 3 fb! E 0.2F 2 fb! E
o8 2011&12:% o185 2015&16:5 20t
0.14 : : ol 4 , E 2015&16
0.12 — 0.12F T —
0.1 E 0.1 3
0.08 = 0.08F 5 2017
0.06 = 0.06F 5
0.04 E 0.04F E 2018
0.02 = 0.02f =
0 B S S ) R 3 5 10 Average
t [ps] t [ps]
Ag 027 R s ' T 005 T T T T o5 o1 015
: LHCb 0.22f- LHCb : ~ . 5,
0?12’ L6fb! 3 02 21" AT [ps']
0165 2017 3168 2018 3
" 1 1 o 1 {1 Systematic uncertainties:
0.1F T E 126 3
F 3 0,1:— E
oot E 008 - Source Value [ns™!]
0.04f 3 ggi- 3 Simulation sample size 4.6
0O2E T o028 | L Acceptance model 3.0
h 2 4 6 8 10 ° 2 4 6 8 10 Bin centre method 0.3
£ [ps] ¢ [ps] CP violation 0.1
— I 0.1
Results:  Dataset AT, [ps™'] P(x*) ,
& 9 J/pn' background model 6.9
2011&12 0.039 + 0.026 0.83 Tt tockgromd model 08
2015&16 0.081 £+ 0.022 0.77 Total ]9

2017 0.117 £ 0.024 0.57 \
2018 0.102 £ 0.021 0.78 /‘7

LA
CKM and CPV in beauty and charm Mark Williams Moriond EW, March 2024 70 (.M\
de


http://arxiv.org/abs/2310.12649

