Experimental Overview of Beauty at LHCb

— Mixing & CP Violation

Peilian Li on behalf of the LHCb collaboration
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CKM matrix

| Vid| [ Vis| |Vile™ ™ 1 0.2 0.004
VCKM - 7|Vcd| ) |Vcs| |Vcb| + O(/\4) ~ 0.2 1 0.04
|Veale ™ —|Vis|e™ |V 0.008 0.04 1

® Key test of the SM: Verify unitarity of CKM matrix
o Magnitudes: branching fractions or mixing frequencies
¢ Phases: CP violation measurements

® Sensitive to the physics beyond the SM
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Outline

LHCb experiment is dedicated (but not limited) to beauty and charm physics
— an ideal lab for various CKM and CPV measurements

® v measurements

o New v measurement with B~ — D(hh'7%)h~
o New 7 measurement with Bt — D(K™ w7 n~)h*
¢ Latest v combination New

® Direct CPV in B decays

o Charmless three-body decays BY — hh'H’
o Charmless B — PV decays
o Charmless baryonic decay B° — ppK*m~

® 7, measurement with B — J/ym

® Rare decays & Lepton flavor universality /violations & semi-leptonic measurements

see , ) and talks
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https://indico.cern.ch/event/1166230/contributions/5056207/
https://link.springer.com/article/10.1007/JHEP12(2021)141
https://link.springer.com/article/10.1007/JHEP07(2022)099
https://arxiv.org/abs/2209.03692
https://twiki.cern.ch/twiki/pub/LHCbPhysics/GammaCombination/LHCb-CONF-2022-003_v5.pdf
https://arxiv.org/abs/2206.07622
https://arxiv.org/abs/2206.02038
https://arxiv.org/abs/2205.08973
https://arxiv.org/abs/2206.03088
https://indico.cern.ch/event/1166230/contributions/5057466/
https://indico.cern.ch/event/1166230/contributions/5056080/
https://indico.cern.ch/event/1166230/contributions/5057488/
https://indico.cern.ch/event/1166230/contributions/5056088/

CP violating angle

® Relative weak phase -y in interference between b — ciis and b — uCs transitions

® v = arg(—ViuaV}p/ VeaVip), measured with tree-level decays, theoretically simple

_ Vi _ —0
= b
B~ B~
D° K~
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https://doi.org/10.1016/0370-2693(91)90034-N
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.78.3257
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.68.054018
https://doi.org/10.1016/S0370-2693(03)00582-3
https://doi.org/10.1016/0370-2693(91)90034-N
https://hflav.web.cern.ch
https://link.springer.com/article/10.1007/JHEP12(2021)141

CP violating angle v

® Relative weak phase -y in interference between b — ciis and b — uCs transitions

® v = arg(—VuaVp/ VeaVy,), measured with tree-level decays, theoretically simple

—0
Vub D
Je

e Interference occurs when D° and D° decay to the same final state f

o GLW: CP eigenstates, e.g. D — KK, D —
o ADS: CF or DCS decays, e.g. D — Krr
o BPGGSZ: self-conjugated 3-body final states, GLW/ADS analysis across the
D decay phase space, e.g. D — Kgmr
® Time-dependent: eg. B2 — D K* & B° — DT n™
® Combination of all methods provides the best precision
o Direct measurements from B decays: v = (66.2733)°
o LHCb combination last year: v = (65.473%)°
o Indirectly inferred from other constraints: yokMFitter = (65.5f12"17)°

Peilian Li (CERN) 4/27


https://doi.org/10.1016/0370-2693(91)90034-N
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.78.3257
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.68.054018
https://doi.org/10.1016/S0370-2693(03)00582-3
https://doi.org/10.1016/0370-2693(91)90034-N
https://hflav.web.cern.ch
https://link.springer.com/article/10.1007/JHEP12(2021)141

Y measurement JHEP12(2021)141

[(B*Y — DY) o |rpe "0+ rge08%) 12 = 2+ A4 2rprpcos(0p +0p + )
A(B——D°h™) i5p — AD°=1
= AE=Dh) '€" = Ty

— External inputs: rp and dp are the magnitude ratio and strong-phase difference
between D° — fand D° — f, for GLW modes, rp=1and 6p=0or 7

— rg, 0 rp and dp are specific to each B decay and subsequent D decay

— CP-violating weak phase difference v is shared by all such decays

rBe (55 '7)

—?,ISD

/DOh\.
o
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https://link.springer.com/article/10.1007/JHEP12(2021)141

Y measurement with B:t — D(hih,ﬁ:ﬂ'o)hi JHEP07(2022)099

* quasi-ADS modes B~ — D(rTK=n%)h~:

— rp as magnitude ratio of the favored and suppressed D decay
* quasi-GLW modes B~ — D(r~7"7°)h™ and B~ — D(K~ K"7°)h™:

— admixtures of CP-even and CP-odd states

® Sensitivity to y varies over the phase space, dilution factor kp and strong phase
difference dp from quantum-correlated DD pairs produced at BESIII

“ LHCD LHCh
9! 9t~

B~ o [r K n'|pk -

® Simultaneous mass fit to 8 modes (16
subsamples) together

Mode Yield

BT - [K*KTn0|pnt 4026 + 77
B* = [rtnT a0 prt 14180 & 140
Bt — [K*n% 10 pnt 140696 + 589
B* — [n*K¥ 10 prt 293+ 27
B* - [KEKFr0pK* 401+ 29
B* - [rfrT a0 p K+ 1189+ 51
B* - [K*rFr0pK* 12265+ 158
B* = [t KT pK* 155+ 19

5225 5450
o

2! 5675
m(lm= K+ m)ph) [MeV/e
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https://link.springer.com/article/10.1007/JHEP07(2022)099
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v measurement with B — D(h*H*r0)h*

JHEP07(2022)099

® Suppressed B~ — D(n~ K*7°)K~ decay is observed for the first time with a

significance of 7.8

7.0
® Eleven CP observables (AZ" , Rhi) are measured with world-best precision

hh' =©
AK/TI’

(B~ —D(ht' x®)K~ /n~)—T (Bt = D(hh' x°)Kt /=)

~ T(B= = D(hh 70)K— /7~ )T (Bt —D(hi 7O)K* /= T)

* v =(56"7)", ds = (122733)°, rs = (9.375%) x 107°
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https://link.springer.com/article/10.1007/JHEP07(2022)099
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v measurement with B* — D(KTrEn=rT)h*

® Model independent determination of ~ in four
phase-space bins of D decay PLE302(2020)135188

K3
® Hadronic D decay parameters rg37“e‘5D vary
across 4-body phase space 4, averages
provided by external measurements

® Dilution of the decay rate asymmetry Rg3“

K37
RE3T 0D oc [ Ap(Pa)A%(Ps)ddy

* 4= (54.8f65‘4%(stat.)f%‘%(syst.)fa‘;(ext.))o,
limited by external inputs (rp, 653”) of
hadronic D decay parameters

one of the most precise determinations thus
far using single D-decay mode
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https://arxiv.org/abs/2209.03692
https://doi.org/10.1016/j.physletb.2019.135188

Simultaneous determination of v + charm mixing

F(B* — Dh*) o b + r& + 2rprecos(ds + 6p £ 7)
—af(1+ rg)rpcosdp — a1 + rp)recos(ds £ 7)]yo
+ a(1 = ) rpsindp — a(l — ) resin(ds £ 7)]xo
® Bt — DK* with D — Kr are sensitive to /5"

M(D°—K* 7~ 1)

® §K™ and yp are highly correlated, combination would improve precision on yp
TSkt X (r§™)? + 157 (xpsin 65T — ypcosd™) £

e Charm mixing parameters has significant effects on B* — Dr*

>

0p= —ip For B~ — DK™

rpe '
/ : \ rg >> Xp, YD
B_ ;mixing h— For B- — Drn—:
\ - rg ~ Xp, YD
,,,Bei(EB—“Y) Oh/

e.g. D—Ku+

@I &
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Combination Of LHCb measurements NeW LHCb-CONF-2022-003

® Using the Gammacombo package
— a frequentist approach used with 173 observables to determine 52 parameters

® Last combination determines v = (65.4738)°  nepio(021)1a1
® New/updated measurements included into the combination this year

o Beauty - BY — Dh* with D — hhn® & D — Krwr for improved

o Charm - see details in Guillaume's talk
- ycpin D° — h— A+ PRD105(2022)092013
- xcp, yeps 6%, 8y in B— DO(KArta=)u= o, X andiv2208.06512
- Acp(KK) in D% — K=K*  arxiv:2200.03170
o External constraints:
- CP-even fraction Ft in D9 — ntatr—m~ from BESHI  -ixiv2203 10098
- Strong phase difference §5™ between D° — K~ 7+ & D° — K*7~ from CLEO
PRD86(2012)112001 arXiv:2208.09402
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https://twiki.cern.ch/twiki/pub/LHCbPhysics/GammaCombination/LHCb-CONF-2022-003_v5.pdf
https://gammacombo.github.io/
https://link.springer.com/article/10.1007/JHEP12(2021)141
https://indico.cern.ch/event/1166230/contributions/5056207/
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.092013
https://arxiv.org/abs/2208.06512
https://arxiv.org/abs/2209.03179
https://arxiv.org/abs/2208.10098
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.86.112001
https://arxiv.org/abs/2208.09402

Combination Of LHCb measurements LHCb-CONF-2022-003

* v =(63.8733)°, xp =(0.39873:0:3)%. yp = (0.63673373)%

* Improvements about 10% on v (~ 1 year data-taking), 6% on xp and 38% on yp
- yurric = (65.8 £ 2.2)°, Yexmrister = (65.5757)°
® Tension between different B categories remains (~ 20)
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https://twiki.cern.ch/twiki/pub/LHCbPhysics/GammaCombination/LHCb-CONF-2022-003_v5.pdf

Combination Of LHCb measurements LHCb-CONF-2022-003

® Contributions of different decay modes agree with each other

L 0.16 7 e T ] 5 160 T T T ™
‘?3' [ | g K’—»D"h*: D kymgag ] Y [ PL{;EEB 1
0.14 1~ 50000 8D, D'—hh~ October 2022—| %Q %140~ October 2022
[ DBBBR Al 5D modes ] r ]
012k [ 5cauty and Charm 1 120 -
F 3 100 1
0.1r 4 [0 BoD, DKMk ]
[ ] 80— MME 5D, D'—hha'in3n —
0.08- | L R 35D, D't~ ]
L ] 60 [ BEBBR Al B*-D* modes 1
0.06 ke L L L L L L CL L fey I\ndcm L L L L |
30 40 50 60 70 80 0 o 30 40 50 60 70 80 90 o
4y 7]
Hﬁ-wf 02 [ B'DW, D'sKhh Lbe e 350 *‘LHC]I) —
Qv\ r NS B-DW, D'shha'th3n Préliminary | % Preliminary
0.015 PN B'SD, D'k R October 2022 %Q“ [~ October 2022 1
- [ MR AN B*—D°K* modes 7
| [ Beauty and Charm ] 300 -
0.01- - [ 1
+ g 250 [ oo Dk 7
PO oD, D'k h3x
0.005- - O S 5o Do 1
- L Ema -
L Il Il 1 1 Il Il L L L 1
030 40 50 60 70 80 90 o 20 30 70 80 o
v [l 7 [l

Peilian Li (CERN) Experimental Overview of Beauty at LHCb


https://twiki.cern.ch/twiki/pub/LHCbPhysics/GammaCombination/LHCb-CONF-2022-003_v5.pdf

Prospects for v measurements

® Measurements with more decay modes and larger statistics from Upgrades
— Be able to compete with Belle 11 50 ab—! with Upgrade |

® Essential to improve the precision of external parameters (c;, s;) from BESIII

100 10
o = x LHCb
LHCb
= Run 3 LHC = 5 B* - DK* GGSZ
< v ADS/GLW only <
10 M x * .
s I Bellell 50 ab-1 1
x  B* . DK* . Y x
1 + B*— D'K* .
v  B* 5 DK** % x  With v/N improvement
+  BY— DK* +  With current CLEO ¢;, s;
0.1
5 23 50 300 5 23 50 300
Integrated Luminosity [fb~}] Integrated Luminosity [fb~!]
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Charmless three-body decays BT — hH'H rXii2206.07622

® Direct CP violation manifested in decay rate asymmetry, where differences in both
weak and strong phases of the contributing amplitudes are required

® Various CP asymmetries observed in three-body B decays due to:

& interference between the S- and P-wave contributions in BT — n¥n 7~

PRL124(2020)031801

o involving KK < 7 rescattering in BY — 7t K¥ K~ PRL123(2019)231802
o long-distance hadronic interactions in BY — 7T:t71'+71'7, KiK+K7, KK~
and Kfntr~ PRD90(2014)112004, Prog.Part. Nucl. Phys. 114(2020)103808

® CP asymmetry studied in BT = 7¥7tr~, KTK'K™, 7t KtK™ and KEntn~ for
both integrated and binned phase-space using Run 2 data (5.9 fb™1)

* Acceptance-corrected raw asymmetry is:

acc |acc acc
Al = 71\,57 — Bt Ap = Abaw = Ap.
raw — -
N2 4 Nace 1— AZG A

Ap is the production asymmetry and obtained from control mode B* — J/wKi
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https://arxiv.org/abs/2206.07622
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.031801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.231802
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.112004
https://doi.org/10.1016/j.ppnp.2020.103808

DireCt CP Vi0|ati0n in B+ — hh,h/ arXiv:2206.07622

Bt — KExtm—: 499200+£900 B* — K+ K*K~: 36500041000
Acp=+0.011+0.002+0.003+0.003 (2.40)Acp=—0.03740.0024+0.002+0.003 (8.50)
e S T T T T T < xi0* T T T T T
3% LHCb - daa 3 4of —Heb— F — T . gaa
o " ~—— model o 35E n
g 4l 59fb B KT 2 591b — model
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g P I - e
3 e newe | 3 2 B boly

2 2 15k
o
o ! 10f
\Y Sk
- e P e 0 R (. |
54 56 52 54 56 52 54 56
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“Q 1 T T @4_5— T T lia .
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=™ b, -~ B o KOO S b - - B . KT
5 ar T X § 15k
F ik
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M) [Gev/c?) m(eTeT) [Gevic?) mTK*K) [GeV/c] mrKK*) [Gev/c?]

Bt - ptata—:

1010004500 BY — st KtK—: 32470+300

Acp=+0.08040.004+0.003+0.003 (14.10) Acp=—0.11440.007+0.003+0.003 (13.60)

* Uncertainties in order are statistical, systematic and from control mode Bt — J/wKi
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https://arxiv.org/abs/2206.07622

Localized asymmetries in B+ — hh/h/ arXiv:2206.07622

® Rich pattern of large and localized asymmetry from interference between the
N N

resonant contributions, and possible 77 <+ KK rescattering AL = H
5— g+
T T T 08 E F T T T E
g 06 < g 2 LHCb 06
© : 5.9fb"
g 0.4 é 20H 0.4
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w’,;: 0 :% 15; 0
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Localized asymmetries in BT — hH'H

e 771 < KK rescattering region
(1< m?(hh) <2.25 GeV?/c*)

® CP asymmetry presents positively and
negatively in left and right region of
m2(7r+7r_)high projection

® Similar Acp sign change observed in
B* — Kfr'n~ and B* — K*K"K™

arXiv:2206.07622

Background subtracted signal candidates in
L<m(rtr)2 <225 GeV?/ct
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Localized asymmetries with charmonium

arXiv:2206.07622

® A large asymmetry Acp = (74.5 +2.7 £ 1.8)% in m(nt 7™ )ijow € (4,15)CeV2/c*
region, including y(1P) resonance contribution from BT — 7777~ decays

180E
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1005
80E-
60
40F
205

Candidates / 0.25 GeV%/c*

LHCb
591!

4 < m(n T )ow < 15GeV?/c*
& T T T
T T 5 2
-B E ESOO ﬁ LHCb ] . data
B ERE: 59fb? ——model
= S4ooF — B* - TETT
3 I ---- combinatorial
3 Lenof 1 - B - 4body
S - - - B L KT
§2oo B E
- 100} i 3
_i o ot L I I
1‘2 114 ]’6 5.2 54 56 54 56
"‘2(””")...3,. [GeV/c'] m(rETeTT) [GeV/c?] m(reTeT) [GeVic?]

® Direct Acp for charmnomium Yy is expected to be small, any other contributions
for such large CP asymmetry?

o Interference with non-resonant contributions?
< Hadronic charm-loop and S-wave DD — 7w rescattering?
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https://arxiv.org/abs/2206.07622
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.74.4984
https://doi.org/10.1016/j.physletb.2020.135490
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Charmless B — PV decays

® Huge theoretical interest in B — PV decays but few measurements in the literature

® Large phase space available & dominance of scalar and vector resonances
below/around 1 GeV/? & clear signatures

® For isolated vector resonances, Acp < square modulus of amplitude difference

2 + + 2 + 2 2
|| = Po + pjcos B(mv, §1) +p;cos G(mvlsl)
——
Direct scalar Acp  Scalar and Vector interf. Direct vector Acp

* model independent analysis of quasi two-body decays of B — R(h; h;)h;r:
sy =m?(hy hi), si. = m?(hy hY)

pjt obtained from a simple quadratic fit:

_ o~ O I B NS UL A
AV IM_PoMG Py ey 212000 Loy B p(TTO°KE | g
P = TM_PHME = ptp S | mmon - -
_ py +p; T 1000 5.9fb Xndf=0.8  xiIndf=0.6 B
8 K p;=97+03 p,=130+03 §
® A large CP asymmetry found in < 800 7
+ 0(, + _— 8 1
B* — p(770)°(xtm 7 )K* decays 3 600 E
Acp:(]_S.Oj:l.gstat:tl.lsystﬂ:o.?u/,',;()% § 400i 7:
(6.8 o) c 1
200~ -
No isolation of p(770)° contribution from the influence F ‘ ‘ ‘ ‘ ]

| L n n L \\ P EVEEEN BRI B |
of w(782) resonance 6 8 10 12 14 16 18 20 22
MP(K*1T) [GeV?/ci]
19
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https://arxiv.org/abs/2206.02038

Charmless baryonic decay B® — ppK*n Xi:2205.08973

® Baryonic multibody decay: interference between different amplitudes, expected
PRL98(2006)011801

large CP asymmetries
® Decay governed mainly by b — uiis and b — siiu below myz < 2.85 GeV/J

weak-phase difference arg( Vs Vis/ Vin Vis) is approximately equal to CKM angle v
* Define the T—odd triple-products K* P

using three-momenta of final states:

Cr=Pre (B x Pp) 0
Cr= B (Fo % B3) AN
N(—C3>0)—N(—C5<0)

CP(C7) = -C;
4 o MG0)-N(C<0) 5
¢ T—odd asymmetry: As = N(CA>O)+N(CI<0)’ AT =TT >0 MG <0)

® CP and P violating observables:

T—odd _ 1( )
7)s

cP >
— Clean observables: mostly insensitive to production and detection asymmetries
— Sensitive to interference of P-even and P-odd amplitudes & different

T—odd - (A + AT)

sensitivity to strong phases
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https://arxiv.org/abs/2205.08973
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.98.011801

Charmless baryonic decay B — ppK*tn~ Xi:2205.08973

e Signal yields: 70x10%

o 21509 = (0.51 £ 0.854a1 & 0.084yst)%, ap % = (1.49 £ 085,41 & 0.084y51)%

Compatible with CP and P conservation
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https://arxiv.org/abs/2205.08973

Charmless baryonic decay B° — ppK* 7~

® Asymmetries in regions of phase-space with enhanced sensitivity to resonances and
interference effects

40 i LHCb X?ndf=27.4/24 ‘. alio ,: 40 : LHCb X?Indf=86.2/24 ‘ af-ou ,:
< F o 8afb?t : T F 84fb :
g { | ER i | | P
< r 1 2 r t 1
5 oLl R I T I £ oo Lty N
g O * I U L g AR (I
£ o } ] £ }r | t by ]
& 20 - & -20 -
< [ ] < [ ]

s ] 0" ]

0 10 0 0 10 0
Phase space region Phase space region

® P symmetry violation with 5.8 o, significant in the region of low pp mass and near
the K*(892)° resonance

— Full amplitude analysis needed to associate the P violation with any
underlying resonance

® (P conserved within 10, theoretical prediction up to 20% level not excluded
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https://arxiv.org/abs/2205.08973
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.98.011801
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Effective lifetime measurement with B2 — J/vm

CP violation in B%-B? mixing is small, to a high precision the mass eigenstates are

also CP eigenstates

— Effective lifetime in CP-even mode B2 — J/4(uuu)n(7y) determines 7, = 1/,

Improving the precision enables stringent tests of consistency between direct Al'g
measurements, e.g. BY — J/1¢ and those inferred from effective lifetimes

2D maximum-likelihood fit to mass & decay time from Run 2 (5.7 fb™! in total)
7. = (1.445 £+ 0.016(stat) £ 0.008(syst)) ps

&~500 T L
(3}

BN — Fit LHCb

D 400 Combinatorial -1
= — Comb. + Signa 21fb ]
© B’ - Jiyn ]

Partial Rec.

5200 54IOO 5600
m(J/yn) [MeV/c?

plots for data from 2018 as illustration
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https://arxiv.org/abs/2206.03088

Effective ||fet|me measurement Wlth Bg — J/wn arXiv:2206.03088

® Combined with Run 1 result: 7, =(1.452+0.014-0.007£0.002)ps  PLB762(2016)484
— Good agreement with other measurements and SM prediction

R
BY = J/yn - )
Run 1+2)

BY — DDy —
PRL112(2014)111802

B) = J/y¢ .
(HFLAV21)

B - KK~ .

SM Prediction
JHEP 07 (2020) 177 |

JHEPI2QOINO68 | | | |\ y \ oy e
13 1.35 1.4 1.45 1.5 1.55

7. [ps]

® Further improvements both by considering other CP-even B° decays, e.g.
BY — J/ym', B2 — D D; and using larger coming datasets

Peilian Li (CERN) Experimental Overview of Beauty at LHCb 24 /27


https://arxiv.org/abs/2206.03088
https://doi.org/10.1016/j.physletb.2016.10.006
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.112.111802
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Mixing-induced CP violation

® Mixing-induced CP violating phase 34/; measured from the interference between
the decays and Bg/s — Bg/s oscillation

b

5
0
D Sooie

B’

d)d/s ~ —2sin Bd/s

ignore penguin contribuions

Gdis = Pmix = 2¢dec

+ Weak phase

® Many observables Amygys, Al y/5, Bays

® Flagship measurements of 34/, with B = J/yKS and B2 — J/1é are well
progressed with full Run 2 data
® | HCb will keep leading contributions in various CPV & mixing measurements

CKM tests Current LHCb LHCb 2025 Bellell Upgrade Il ATLAS &CMS

7, with B? — Df K~ (+30)° [136) 'y - 1° -
7, all modes (F29)° [167] 1.5° 1.5° 0.35° -
sin 28, with B® — J/$KQ 0.04 [609] 0.011 0.005 0.003 -
¢s, with B = J/v¢ 49 mrad [44] 14 mrad - 4 mrad 22 mrad [610]
¢, with B — D} Dy 170 mrad [49] 35 mrad - 9 mrad -
5%, with BY — ¢¢ 154 mrad [94] 39 mrad - 11 mrad  Under study [611]
a3 33 x 10~ [211] 10 x 104 - 3x 1074 -
|Vas| /[ Ven| 6% [201] 3% 1% 1% -
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Summary

® Numerous LHCb measurements dominate the world average for CKM angles
and mixing parameters

< Simultaneous determination of v and charm mixing parameters updated with
5 new inputs with improvement about 10% (38%) for v (yp)

o Large CP asymmetries from different contributions observed in B — hh'h’

o Charmless baryonic decay B® — ppK" 7~ consistent with CP conservation

o Latest 7, measurement with B2 — J/én consistent with SM prediction

® A lot of more measurements are in good progress using Run 1+2 data

® Run 3 is in commissioning! Exciting to see further improvements soon!

THeb 23t

/5
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4
>
3

&
excuded area has OL > 0.95

Stay tuned!

s
2Vl b oo,
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Thanks for your attention!



7y measurement

F(Bi — Dhi) X ’2D + I’23 + 2KkpKBIDIB COS(5B +op =+ 7)
—af(1+4 A)kprpcosdp — a(l + A)kprecos(ds £ )]y
+a[(1 — R)kprpsindp — a(l — rA)kprasin(ds + 7)]x

- x and y are charm mixing parameters

- rp and dp is the ratio of magnitudes and strong phase difference of DCS and CF D decay
amplitudes

- For quasi-GLW modes, rp =1, §p = 0/7 and kp = 2F+f— 1

- kp and kg are unity for two-body and account for a dilution of the interference term due
to strong phase variation
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Combination Of LHCb measurements LHCb-CONF-2022-003

® Improvement compared to last combination

4 0.12 — 150
E:gn LHCb-PA‘PER-Z(YZl-OB‘} ‘ LHCD | 2 | LHCh-PAPER-Z(JZI-(B‘z ‘ L‘;ch |
[ | Luce-conr-2022-3x Preliminary % 4 [+ ] Lucb-coNF-2022-xX¢ Preliminary
0.11- * % 140~ b
0.09 - 120 i
L L Il L Il Il L L
0055 60 65 70 75 _ %0 "G5 w0 e 0 75 %0
v [ 7 [
120.009 T T T T 5 r T T T T
%&; r LHCb-PAPER-2021-033 LHCb 1 — 340 LHCb-PAPER-2021-033 LHCb-|
.008 [ [+ ] Lucs-conraomxox g‘:ig’;&‘z__ E &) E [+ ] LHCh-CcONF202230K g'fmub‘:‘émn E
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0,006} : 000 1
0.005|- @ R ook ]
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0.003 - f 260 E ]
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https://cds.cern.ch/record/2807146/files/LHCb-CONF-2022-003.pdf

History of v measurements at LHCb
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v measurement with B — D(— h*h*70)h*

® Eleven observables with world-best precision

Peilian Li

RT _ (BT 5D(xF KkERO)hT)

ADS(h) — T(BF¥ =D(KFnE#0))hTF >

Ahh,ﬂo _
T [(B= —=D(hh 7O)K— /7= )+T (Bt —D(hh' 70)K+ /7 +)

K/
RKKWO
R7I'7T7T0
Ak
gy
2{4}? Kno
147‘-7I'7T7l'0

K

Ry

Ry

Y

Rz

(CERN)

hr®
K/

(B~ —D(hh7®)K~ /7 ~)

T (B~ —=D(K-wtr0)K—/m—)

r(B~ —=D(hh 7°)K~ /=)= (Bt = D(hh' =) K+ /= T)

1.021
0.902
—0.024
0.067
0.109
—0.001
0.001
0.0179
0.0085
0.00188
0.00227

HH H B R H O H R H

0.079
0.041
0.013
0.073
0.043
0.019
0.010
0.0024
0.0020
0.00027
0.00028

HHHH O HH R
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0.004
0.002
0.003
0.003
0.002
0.002
0.0003
0.0004
0.00005
0.00004

arXiv:2112.10617
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https://arxiv.org/abs/2112.10617

Binning in phase—space for B:t — D(K7T7T7T)K:|: PLB802(2020)135188

* Dividing the phase space with one-dimensional binning in the normalized strong-phase

difference
—3
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https://doi.org/10.1016/j.physletb.2019.135188

v measurement with B* — D(KTrEn=rT)h*

Peilian Li

(CERN)
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arXiv:2209.03692
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https://arxiv.org/abs/2209.03692

Direct CP violation in BY — hH'H

B - rFnta—

Region 1 1 <m2(7rF 77 )iow < 2.25 and 3.5 <m(m T )hign < 16
Region 2 1<m?(mH 7 )iow < 2.25 and 16 < m2(mF 7 )high < 23
Region 3 4 < m2(7r+7'r’)10w <15 and 4< m2(7r+7r’)high <16
BT - K¥rfn—
Region 1 1<m?(rtr™) <225 and 3.5 <m?(K+tr~) <195
Region 2 1<m?(rfr~) <225 and 195 <m*(K*n~) <255
B 5 nfKTK-
Region 1 1<m?*(KtK~) <225 and 4<m?(K+tn™) <19
Region 2 4<m?(KTK™) <25 and 3<m?(K*tn™) <16
B - KFKTK-
Region 1 1.1 < m?(KTK ™ )jow < 2.25 and 4 <m? (KT K™ )yign < 17
Region 2 1.1 < m*(Kt K7 )jow < 2.25 and 17 <m? (KT K pigh < 23
BT o nEpta— Nsig Avaw Acp
Region 1 14330 £ 150  +0.309 + 0.009  +0.303 + 0.009 + 0.004 £ 0.003
Region 2 4850+ 130 —0.287 £ 0.017 —0.284 £+ 0.017 &£ 0.007 £ 0.003
Region 3 2270 £ 60 +0.747 £ 0.027  +0.745 + 0.027 £+ 0.018 £+ 0.003
BT - KEnTr—
Region 1 41980 +£280 40.201 4 0.005  +0.217 &+ 0.005 £ 0.005 £ 0.003
Region 2 27040 £250 —0.149 £+ 0.007 —0.145 + 0.007 £+ 0.006 £+ 0.003
BT 5> nfKTK~
Region 1 11430+ 170 —0.363 £ 0.010 —0.358 + 0.010 £ 0.014 & 0.003
Region 2 2600 +120 40.075 4+ 0.031  40.097 £ 0.031 & 0.005 + 0.003
BT 5> KTKTK~
Region 1 76020 £350 —0.189 £+ 0.004 —0.178 £ 0.004 & 0.004 £ 0.003
Region 2 374404320 40.030 & 0.005 40.043 £ 0.005 & 0.004 + 0.003
NEED)
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https://arxiv.org/abs/2206.07622

Direct CP violation in BY — hH'H

e Large asymmetry in other three channels as well in 7w — KK rescattering

arXiv:2206.07622

® Similar Acp sign change for BY — Kt*n™n~ and BT — KTK*K~
® vo(1P) contributions seen also in BY — KTK*K~ and BT — atKtK~
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