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ete” - Y(4S) - BB or: — w(3770) - DD

Known initial state but comparatively low cross section

pp — gg — bb with general-purpose detectors

Huge cross section but messy. Not what they’re built for.

or dedicated detector with tuned-down pile-up: LHCb.

Optimised vertexing, hadron PID and a software trigger




Topics and parallel sessions

@  Wed 11:20: Yu Zhang
*¥1 “Hadronic charm decays at BESIII”

o Precision measurement of B, meson oscillations
A ° 5

{‘} Observation of DY meson mass difference
\ 4

+» Observation of direct CP violation with D° mesons

Wed 11:40: Joan Ruiz Vidal

+ Time-dependent CP violation search with D” mesons CPV and mixing in charm at LHCb

. CP violation searches with D(Jg) Mesons

» CP violation in charmless B decays ﬁ Wed 10:00: Markus Reif
“Hadronic B decays at Belle 11”

Wed 12:00: Radek Zlebcik

Wed 10:40: Jordy Butter
“Charm and TDCPV in B decays at Belle I1”

“CPV and CKM measurements
with beauty decays at LHCb”

o Unitarity Triangle: :

{é} Unitarity Triangle: y

» CP violating phase with B, mesons
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https://indico.cern.ch/event/949705/contributions/4555594/
https://indico.cern.ch/event/949705/contributions/4555596/
https://indico.cern.ch/event/949705/contributions/4555574/
https://indico.cern.ch/event/949705/contributions/4555577/
https://indico.cern.ch/event/949705/contributions/4555569/

B, < B mixing frequency: Am,

» Mixing occurs if the eigenstates of the hamiltonian
are not aligned with the interactions eigenstates:
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B, < B mixing frequency: Am,

» Mixing occurs if the eigenstates of the hamiltonian  |B,,) = p|B,) - q|B,)
are not aligned with the interactions eigenstates: B,;) = pl|B,)+q|B,)
- 5. 5
B,(1)) = g.|B;)+ l_9g_ B,)
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[llustration: initial — mixed — mix back — mix again ...

Flavour tagging vital to identify initial flavour
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arxiv:2104.04421 (accepted by Nat. Phys.)

Am_with B, — DS“—Liz1

» Identify decay flavour with Cabibbo-favoured
b — cr~ vs.b — ¢cn™ transition

— BY - Dt =— BY - D_x" = Untagged

» DCS contribution negligible

» Identify initial flavour with flavour tagging.

o Effecting performance at LHCDb: 6.1% of ideal.

c.f. ~ 31% at Belle(II)

» An initial mass fit identifies 379k signal events

» Result with B, = D combined with earlier result using B, — D szm (JHEP 03 (2021) 137)

Am, = 17.7656 & 0.0057 ps~?

» Consistent with, but far more precise than, SM prediction (due to QCD calculation limitations)
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https://cds.cern.ch/record/2745794
https://cds.cern.ch/record/2745794
https://cds.cern.ch/record/2764338
https://cds.cern.ch/record/2764338
https://arxiv.org/pdf/2110.00790.pdf

Pioneered by Babar Phys. Rev. Lett. 98 (200/) 211802, and Belle Phys. Rev. Lett. 98 (2007) 211803, LHCb shown Phys. Rev. D97 (2018) 031101

On the other hand, charm mixing is slow g
o Probability of mixing too small to measure complete oscillations ’ /\ .
+ Though flavour tagging is near-perfect: D** — D%zt orB~ - D% P host
» Instead, look for a time-dependant change in the rate of DCS decays %
\\ % -
rD° - K'n) =|g.(®rpe™ + g @ e .
D

N R R
2010 2015 2020
M(Dr) [MeV/c?]

il b K n
D s K

[T 7 7 I T
25 LHCb h » Data

§ (a)
j\
5

0:

a | ]
2005 2010 2015 2020
M(Dx*) [MeV/c?]

0:\\\
2005

Candidates per 0.1 MeV/c¢?

Malcolm John - University of Oxford 8 Lepton/Photon, January 2022


https://cds.cern.ch/record/2293449
https://cds.cern.ch/record/2293449
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.98.211802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.98.211802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.98.211803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.98.211803

Pioneered by Babar Phys. Rev. Lett. 98 (200/) 211802, and Belle Phys. Rev. Lett. 98 (2007) 211803, LHCb shown Phys. Rev. D97 (2018) 031101

On the other hand, charm mixing is slow g
» Probability of mixing too small to measure complete oscillations . /\
+ Though flavour tagging is near-perfect: D' — D%zt or B~ — D%u—v P ok
» Instead, look for a time-dependant change in the rate of DCS decays '\ Q’c’;/.
L
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https://cds.cern.ch/record/2293449
https://cds.cern.ch/record/2293449
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.98.211802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.98.211802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.98.211803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.98.211803

Pioneered by Babar Phys. Rev. Lett. 98 (2007) 211802, and Belle Phys. Rev. Lett. 98 (2007) 211803, Recent LHCb shown Phys. Rev. D97 (2018) 031101

On the other hand, charm mixing is slow .
» Probability of mixing too small to measure complete oscillations . /\
+ Though flavour tagging is near-perfect: D' — D%zt or B~ — D%u—v P ok
» Instead, look for a time-dependant change in the rate of DCS decays '\ Q’c’;/.
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https://cds.cern.ch/record/2293449
https://cds.cern.ch/record/2293449
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.98.211802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.98.211802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.98.211803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.98.211803

Method:_Phys. Rev. D99 (2019) 012007

Bln—ﬂlp meth()d Wlth D e Ké) T 5 T = BESIIT: Phys. Rev. D101 (2020) 112002{@}

LHCb:Phys. Rev. Lett. 127, (2021) 111801

» Use charge-conjugate multi-body decay. Subdivided into bins with a variety of d, (called X, here)
+ Measure the relative phases between bin +b and -b, X, using quantum-correlated D’D" pairs in a
ete™ — y(3770) dataset (4@:). At LHCb, measure time-dependent “DCS” ratio R, in each bin-pair.
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https://cds.cern.ch/record/2772062
https://cds.cern.ch/record/2772062
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.012007
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.012007
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.112002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.112002

Method:_Phys. Rev. D99 (2019) 012007

Obser Vatl()n Of the neutral Charm A m BESIII:Phys. Rev. D101 (2020) 112002 @

LHCb:Phys. Rev. Lett. 127, (2021) 111801

» Formalism expanded and generalised to include the binning scheme and CP violation

(£2), . - ; /*\/ e
G 5 A Relzen O 1 4 Zep A2 \/Fb<t>j Re[X; (2cp £ Az)]

= 4
ij 2 <t2> , <t2> , : - X, = exp (i6p(b)) where 8,,(b)
for Dalitzbinband 1 / Re(zép — Az 2) = / ‘ZCP i AZ| b <t> j Re [X b (ZCP 4\ )] is the strong-phase difference
decay-time bin j 4 4 between +b and -b

ZCp::AZ == (q/p):1 (y zgj) r=Am/T y = Al'/2T

dimensionless parameters O(1%)

Malcolm John - University of Oxford 12 Lepton/Photon, January 2022


https://cds.cern.ch/record/2772062
https://cds.cern.ch/record/2772062
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.012007
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.012007
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.112002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.112002

Method:_Phys. Rev. D99 (2019) 012007/

Obser Vatl()n Of the neutral Charm A m BESIII:Phys. Rev. D101 (2020) 112002 @

LHCb:Phys. Rev. Lett. 127, (2021) 111801

» Formalism expanded and generalised to include the binning scheme and CP violation
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https://cds.cern.ch/record/2772062
https://cds.cern.ch/record/2772062
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.012007
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.012007
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.112002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.112002

Summer 2021 https://hflav-eos.web.cern.ch/hflav-eos/charm/CKM21/results _mix_cpv.html
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https://cds.cern.ch/record/2668357
https://cds.cern.ch/record/2668357
https://hflav-eos.web.cern.ch/hflav-eos/charm/CKM21/results_mix_cpv.html
https://hflav-eos.web.cern.ch/hflav-eos/charm/CKM21/results_mix_cpv.html

Time dependant CPV in charm
- Lifetime asymmetry of DY and D" to a CP eigenstate, f = KK, ntz~ expected to be O (1()_5)

_T(D°> £,) -T(D°> £,t) LAY, L
Ly e iy Tpo

/

slope measurement only

AC’P(fa t)

A

Ly - LD f T poss

FDO—>f ok F50—>f

Asymmetry of the effective decay widths
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Phys. Rev. D 104, 072010

Time dependant CPV in charm

. Lifetime asymmetry of D and D" to a CP eigenstate, f = K*K~, a7z~ expected to be O (1()_5 )

0 No 3 =
teplfyty = DO B0 T 1) gty © s ), (8]
— — ~ = = T Sin @), — Y COS Oy,
Cp(f7 t) F(DO—') f t) —|—F(DO—> f t) f fTDO 2 p||Ayf q|| Ay pl|Ayf q|| Ay
, ) /
T T T — : BaBar 2012
S B 0 o ' ' ] slope measurement only 1 — T 8 L OFE LS
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E_O-S__ AYprg- = (—23:: 1.0+ 0.3) x 1074~ FDO—>f _I_ F50—>f -
A I S S T T " R T elle 2010
< 0 9) 4 6 ] Asymmetry of the effective decay widths : T 43.04+ 200+ 7.0
t/TDO I'-o—l L]ll(-')‘l):)(-])lj f)'l'(]lelg, (3 fb~1)
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g\. 0 . 4{1{{1 I + '—l—' { : I E LHCDH 2021 D** tag (6 fb™1)
O - 1 ! 1<=+— B : a 2.7+ 13+ 0.3
- - H +'+— 1 - This measurement g
_ i World average
i -0.51 AY i = (—4 0x28=x 0-4) x 107 = H (J.?; + 1.1l:£ 0.3
2 - ' ! ' ' ! ! ' ! ! ' . ' : : L 1 :l T T T T
< 0 D) 4 6 ] —40 =20 0 20 40 60 80
T, AY (107

Malcolm John - University of Oxford 16 Lepton/Photon, January 2022


https://cds.cern.ch/record/2767301
https://cds.cern.ch/record/2767301

Phys. Rev. Lett. 122 (2019) 211803

Observation of a direct CP violating effect in charm

o Achieved using a difference method to cancel 10 _44 M events 0010 14 M events

llllllllllllllll

common systematics 000k LHCb  : 2000F
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400
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~ A g d1r |
w g
dominates /\—/ \/ ~ + 3 x 1077, with

earlier AY result
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> - > ;
. O (D) |
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AAcp = (=15.4+2.9) x 10™* g 300} ; ¥
2 n ) e i .J) X 5 5 oof
= 200f = :
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To be determined if KK or 7t or neither are consistent with zero

m(D") [MeV/c?] m(D") [MeV/c2]
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https://cds.cern.ch/record/2668357
https://cds.cern.ch/record/2668357

Belle: JHEP 2021, 75

Other direct CPV searches with charm Bell: Phys. Rev. D 103, 112005

+ Belle dataset (0.98 ab™!) used to improve branching fractions and search for CP asymmetries

With D° mesons, With D" mesons,

D° — ntn 5 shown. (Q = Am) DI — n7n shown.

I | ————
¢ data (D" : " ¢ data(D)
— total fit . : — total fit

background : 8F , background

P BT MY I a4 = B LN
1.95 2 2.05 1.9 1.95 2 2.05

A At 2 : 2

M(r* 1, )(GeV/c?) M(r , )(GeV/c?)
Acp(D® — ntrn) = [0.9 £ 1.2 (stat) £ 0.5 (syst)|%, 13k events Acp(Df — K*7°) = 0.064 £0.044 £0.011 12k events
Acp(D° — KTK™n) = [-1.4 £+ 3.3 (stat) £ 1.1 (syst)|%, 1462 events Acp(Df - Kty) =0.021 £0.021 £0.004 14k events
Acp(D° = ¢n) = [—1.9 + 4.4 (stat) £ 0.6 (syst)|%. 728 events Acp(DE — ntn) = 0.002 £ 0.003 £+ 0.003. 223k events

All consistent with zero
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https://link.springer.com/article/10.1007/JHEP09(2021)075
https://link.springer.com/article/10.1007/JHEP09(2021)075
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.112005
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.112005

LHCb: JHEP 06 (2021) 019

CPV SearCh Wlth D+ — ]Z'_I_]Z'O Belle: Phys. Rev. D 97, 011101 (2018)

- / W+ \ » Final state should symmetric in flavour.
cEmEemQaNa L e o Somustbeal=2asl, = 1.
, 7T+, KT ¢ 7.‘.O n I A 3 A 13 : s h

i i . o Thus Al = = . (Al = - in W™ exchange)
Dzr) < g » Al =1 in gluon line would be a flavour

o : > d,s) ; e change, so second diagram forbidden.

D(J;) 4 > 9. . rt. K+ © OSoonesetof CKM factors contributes.

d, 5 < d,3) d, 5 < d 3, o Thus: zero CP violation.

0

» Very challenging reconstruction for LHCb. Trick: use 7 — ye™e~, including conversions

(\.JA _l L] l L] L4 T L4 l 14 T T 1 l 1] 1] L4 T : l I I

1 < 3000 LHCb I Data =
Py 9 fb! — Total N
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S I <2000 oo Pure comb. = [Phys. Rev. D 81 (2010) 052013]
o 06 — - Real-° comb. 1

i T~ X -
! 21500 : . Belle
< oal = - 231+ 1.24 +0.23)%
o VAT = e [Phys. Rev. D 97 (2018) 011101]
= I -g 1000 e
> [ £ T
g 0.2 S e L LHCb

I I X s O 500 S s " (-13+0.9 +0.6)%

i e ’ I , C .- [LHCb-PAPER-2021-001]

O s e 185 T T s 505 17 75 T8 185 To 105 258 e
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+ Belle: 6.6k events (0.92ab~') <« LHCb 26k events (6fb~!) ) ,:CP(Dﬂq;mz(l)O) [%]
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https://cds.cern.ch/record/2758622
https://cds.cern.ch/record/2758622
https://arxiv.org/ct?url=https://dx.doi.org/10.1103/PhysRevD.97.011101&v=ecdbe888
https://arxiv.org/ct?url=https://dx.doi.org/10.1103/PhysRevD.97.011101&v=ecdbe888

LHCb: Phys. Rev. Lett. 126 (2021) 091802

B —y Kﬂ' Belle I (K*7°): https://arxiv.org/abs/2105.04111

Belle II (K7"): https://arxiv.org/abs/2104.14871

» Long-standing puzzle. Assuming isospin symmetry of the spectator quark, expect I, = 0.

B(K°rmt) 1,0 o B(K7°) 1,0 B(K ")

KOW+B(K+7T_) Tt K+”OB(K+7T_)TB+ K B(K+7T_)

‘[KT(' — AK+7T_ A

§,4000 LHCb 4 &74000
~ 541" - 2
: . : : % 3500¢ b 1 >3500]
» LHCb now provide new information with 16.7k events. 532335_ —sed 4 Ss0f
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O | i

5 g °f 0.00 £ 0.13 (World Average)

LR -

S J J S | J l =

| 1 T e N L -
%3 -02 -0 0 01 02 03 e S E—— "\‘5%1“*32@* '|0_3 & . .
AE [GeV] AE [GeV] —0.138 4 0.025 (Indirect, assuming I, = 0)
<X —0.5-

» Belle II predict o (AKoﬂo) reach 0.025 with 50 ab-! —0.40 £ 0.45 (Belle IT Winter 2021)
—1.0

Progress likely to be dominated by Belle II
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https://arxiv.org/abs/2105.04111
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https://arxiv.org/abs/2104.14871
https://arxiv.org/abs/2104.14871

Little progress on « in the last decade but

Unitarity triangle, p, y Bl Wit B o ks
0 4 3 : arxiv/2104.06224
Y. V-V I -4/ -4/ A AL’ (p — in)
V.o v vV, |= 4 1A 1 /80 144 AN + O()
Ve Vo Va AV —p- i)~ A LAl S 10 00

Forming inner product of 1st and 3rd columns gives the UT

(1 - —)(p 1)

/\ Vit Vb
V:b Vcd

Length constrained by measurements

ViaVib

*
Vo Vea \ Length constrained by measurements of

Am(s) and QCD calculations

of semileptonic b — u decays and
QCD calculations

(0,0) (1,0)
Y V vy Similarly (but smaller) :
7 i arg( " ) ﬁ == arg( Cf Cd) ﬁs = arg V;kbvcs
Vo, V., Vo Vi VEV,
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https://arxiv.org/pdf/2104.06224.pdf
https://arxiv.org/pdf/2104.06224.pdf

JHEP 11 (2017) 170

sin 2f3 : the CP-violating phase of BY mixing
» Flagship result of the B-factories. LHCb has become, and should remain, competitive.
_ D(B°(t) = [cel K) — D(B°(t) — [cel K5)
D(BO(t) = [ce] K3) + T'(B(¢) = [cc] K3) Copg = 0
Ssin(Amt) — C cos(Amt)

cosh(AI't/2) + Aar sinh(AI't/2) S

A[CE]Kg (t)

(the amplitude of the sine wave
after correction for mis-tagging)

=
DO

[ !
|

S
DO

Signal yield asymmetry
O
%S&
/ [1
.\
Signal yield asymmetry
-

C(B® — [cg KY) = —0.017 £ 0.029
ot Nt 2, S(BY — [ K®) = 0.760 =+ 0.034
BY— Jh) K? | o
- é - 1IO - 15
Decay time [ps| Decay time [ps]
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https://cds.cern.ch/record/2284162
https://cds.cern.ch/record/2284162

https://hflav-eos.web.cern.ch/hflav-eos/triangle/pdg2021/index.shtml#sin2b

sin 2f : world average
» Should remain the most precise UT angle throughout the Bellell /LHCD era.

sin(2p) = sin2¢,) A - fup o

PRELIMINARY TI PRELIMINARY

BaBar 0.69 = 0.03 + 0.01 %

. : M
PRD 79 (2009):072009 | O Q‘Q S
BaBar y., K- : ’ | :  0.69+0.52=0.04 x0.07 g Q‘Q
PRD 80 (2009):112001 5, ‘:‘ O
BaBar JAp (hadronic) K 1,56 + 0.42 + 0.21 O
PRD 69 (211(2)54)5052001) 2 e 0.8 - ‘:‘: @
Belle ! 0.67 = 0.02 + 0.01 “ -
PRL 108 (2012) 171802 ‘0‘ =
ALEPH ; : 0.84 7982 . 0,16 ‘0‘0‘ ™
PLB 492, 259 (2000) ' ; ”‘ @
OPAL Z ' 3.20 *189 . 0.50 % S
EPJ C5, 379 (1998) : 5 ST *“’z‘ =
CDF ; L 0:79 ' ‘Q\‘Q‘ o
PRD 61,072005 (2000) i T < ,:‘\0 =
LHCb E E B 0.76 = 0.03 ; \0‘*’ J
JHEP 11 (2017) 170 5 [ 5 O
Belle5S i : " B 0.57 = 0.58 = 0.06 gob e s s e e Eean
PRL 108 (2012) 171801 jor
Average E E |- 0.70 = 0.02 5 \
|-||:|_Avg g ; |‘| g 02 | | | | . \‘ s

' ' ' ' | ' 02 0 02 0406 08

2 . 0 1 2 3 P
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Py

23 : the CP-violating phase of BY mixing

HFLAV /PDG 2021

» f,is analogous to £ but is much smaller in the SM due to smallness of the complex phase in V.

. LHCb/ATLAS/CMS use time-dependent analysis of B, — J/y (K K _)(p (LHCb also B, —» J/yn"n™)

Exp. Mode Dataset P AT (ps™!) —
CDF JIp 9.6fb~" [-0.60, +0.12], 68% CL +0.068 & 0.026 % 0.009 “I'
DO I b 8.0fb~1 —0.5570:38 +0.16370:065 N HFLAV
ATLAS Jhp¢ 49fb™" 40.12+0.25+0.05 +0.053 £ 0.021 + 0.010 O DO 8 fb —1
ATLAS Jh¢ 14.3fb~" —0.110 4 0.082 +0.042  +0.101 4 0.013 £ 0.007 i
ATLAS Jhp¢ 80.5fb™! —0.08140.041 £0.022 +0.0607 + 0.0047 + 0.0043 n 0
ATLAS  above 3 combined (99.7fb™") —0.08740.036 & 0.021  +0.0657 £ 0.0043 % 0.0037 L 0.13 68% CL contours
CMS JI o 19.7fb~1  —0.075+0.097 £0.031  +0.095 £ 0.013 £ 0.007 4 Al - 115
CMS  Jhé 96.4fb™1  —0.011 4 0.050 £ 0.010  +0.114 =+ 0.0014 = 0.0007 (Alog £ =1.15)
CMS  above 2 combined (116.1fb™") —0.021 £ 0.044 4 0.010  +0.1032 % 0.0095 =+ 0.0048
LHCb JWKYK~ 3.0fb™" —0.058 £0.049 £ 0.006 +0.0805 % 0.0091 =+ 0.0032 1
LHCb  Jipmtn™ 3.0fb~!  +0.070 & 0.068 + 0.008 — 011 CMS 116.1 fb™
LHCb JWKtK—¢ 3.0fb~! +0.1194+0.107+0.034 +0.066 & 0.018 & 0.010 '
LHCb  4(29)¢ 3.0fb™1  +0.2332 +0.02 +0.0661041 £ 0.007
LHCb D{D; 3.0/b~1  +0.0240.17 £+ 0.02 —
LHCb  Jhpmtn— 1.9fb~'% —0.057£0.060 +0.011 — —1
LHCb JWKtK- 1.9fb~ 1% —0.083 4 0.041 4+ 0.006 +0.077 & 0.008 + 0.003 CDF 9.6 fb
LHCb above 7 combined —0.042 £ 0.025(tot) +0.0813 £ 0.0048(tot) 0.09
All combined —0.050 £ 0.019 +0.082 £ 0.005 "
% m(KTK™) > 1.05 GeV/c2. ® Run 2. A d
LHCb 4.9 fb~!
0.07
HFLAV: ¢, = — 0.050 £ 0.019 3
ATLAS 99.7 fb
0.05 - - - -
SM: 2. = — 0.037 = 0.001 0.5 0.3 0.1 0.1 0.3
¢<c[rad]
S
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https://hflav-eos.web.cern.ch/hflav-eos/osc/PDG_2021/

Unitarity angle y : ADS/GLW

JHEP 04 (2021) 081

» The CP-violating phase in tree-level b — u @ b — c transitions is y. Negligible penguin/theory error

‘b = U > =0 U
c /D W } K :
£ & = Vub Vud
B 11.% Y = aig -
b e Vcb Vcd
- 0
: S > K- 8 5 D
U i i i
o Givesrise to large, direct asymmetries T'(B¥ — 1f] DhﬂX) o< (rE)2 + (#8)% + 2rirE cos(6F + 6L £ 4)
<00 LHCh | Ry LHC
= =
= 150 = 150
N N
? ?100'
E = 5
S O
O U 5000 5200 5400 o 0
m(|K n~|pK™) [MeV/cQ] ) [MeV/cQ]

» Yy not measured directly, but must be inferred along with other nuisance parameters, ry, 03, 05, 1/
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https://cds.cern.ch/record/2748074
https://cds.cern.ch/record/2748074

Unitarity angle y : th n

+ Recent work at BESIII (@) has ensured c;, s; systematics remain ‘small’ for LHCb throughout 2020s

3.0 3.0 -
% 25| % 954 [
c% c%
g 2.0 - 9‘ 2.0
;: 1.5 - j; 1.5 -
= 10- = 10-
S S

0.5 - 0.5 -

05 10 15 20 25 3.0 0.5 10 L5
m?(Kdnt) [GeV?/c]

N, = hae |Foi+ ((@25) + (4%)°) Fus+ 2V/FF; (305
VY, = b [Pra ((@25)? + (42%)7) P+ 2/FiF (2%
Nii = hg- [+ ((22%) + (4°F)°) Fs + 2/ FF (o
NZ, =hp- |F_; + ((CUZ_)K)Q o (yl_)K)2) e AN D (CEI_)KCH =
. — oy Lo oand i — 0 sintd

20 25 3.

m?(K2r™) [GeV?/c?]

0

BESIIL: Phys. Rev. D101 (2020) 112002 <@
\/
LHCb: JHEP 02 (2021) 169

3.0 -

2.0 -

]

2.0 1

~—

GeV?

— 1.5 -

|

1.0 -

0.5 -

8

S e

S
| bin number |

010%
Oﬂ5é

iﬁ 000%
—005%

—0.10 -

B-I—

)= (63.7433)°
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https://cds.cern.ch/record/2742273
https://cds.cern.ch/record/2742273
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.112002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.112002

BESIIL: Phys. Rev. D101 (2020) 112002 <@

Unitarity angle y th e LHCb: JHEP.02.(2021) 169 '

; Belle + Belle II https://arxiv.org/abs/2110.12125
» Recent work at BESIII (@?) has ensured c,, s; systematics remain ‘small’ for LHCb throughout 2020s

- : 2 8
» First major result on y using Belle + Bellell data 7
ﬂ?l 6 __
| Belle + Belle I | c% ' 5 =
2 |Ldt=(711+128)fb ' S 4 B
': ~ | . .-g
- 3 —
- 2
-1

0.10 -

0.05 -

S 0.00-
= :

b3 = (78.4 -

/—J _0.10—3 v = (6871-?%)0

expect ~1° with 50 ab-1

—0.10 —0.05 0.00 0.05 0.10
DK
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Unitarity angle y extracted in combination

o All B - DX results are combined with time-dependent charm results

B decay D decay Ref. Dataset Status since
Ref. [24]

B* — Dh* D — h™h™ 27! Run 1&2 Updated
B* — Dh* D— htr ntn 28 Run 1 As before
B* — Dh* D — hth " 29 Run 1 As before
B* — Dh* D — KOhth- 26! Run 1&2  Updated
B* — Dh* D — KOK*7¥ 30! Run 1&2  Updated
B* — D*h* D — hth™ 27 Run 1&2 Updated
B* — DK** D — h*h™ 31 Run 1&2(*) As before
B* — DK** D — htr ntn 31] Run 1&2(*) As before
B* - Dh*ntr~ D — hth™ 32] Run 1 As before
B° — DK* D — hth- 33] Run 1&2(*) Updated
B — DK* D — htnatr~  [33] Run 1&2(*) New

B® — DK™ D — Kdntn- 34] Run 1 As before
B° — D¥r* DY — K ntnt 35] Run 1 As before
BY — D¥K* DY — hth—rt 36] Run 1 As before
B - DFK*rtn~ D} — hth n" 37 Run 1&2 New

- DY = hth 38 40] Run 1&2  New

- DY — h™h~ 41  Runl New

— D° — h*h~ 42-45] Run 1&2 New

- D' — Kt~ 46)  Runl New

- D' — Ktn~ 47 Run 1&2(*) New

— D° - K*r¥atn~  [48] Run 1 New

- D° — Kortm- 49,50 Run 1&2  New

— D’ — Kdntn~ 5]  Runl New

LHCb: JHEP 12 (2021) 141

UTFit: 2018 update
CKMFitter: 2019 update

1

1-CL

-0.2

¥ = (65.4175)°

CKMfitter expectation
__________________________________ +0.9
; (65.7 _2.7)
) UTFit expectation
50 60 70 80 90 (65°8 + 2°2)
y [°]
B o o L L
- LHCb: .
2 - - +0.052
; 1. 2= (U400 Lt
— _ e +0.033
: 1y =(0.630"¢30) %
e JNoMixing ]
i i__?___'.'éCurrent World Average i
- [« |ILHCb Beauty and Charm -
C ol b b b by by ]
02 0 02 04 06 0.8

S
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https://cds.cern.ch/record/2783433
https://cds.cern.ch/record/2783433
http://www.utfit.org/UTfit/ResultsSummer2018SM
http://www.utfit.org/UTfit/ResultsSummer2018SM
http://ckmfitter.in2p3.fr/www/results/plots_summer19/num/ckmEval_results_summer19.html
http://ckmfitter.in2p3.fr/www/results/plots_summer19/num/ckmEval_results_summer19.html

CP violation and mixing in charm and beauty hadrons
Conclusion

» LHCb is delivering a wealth of measurements on heavy-flavour CP violation and mixing
» All major results are compatible with the SM expectation

» But the search goes on. LHCb upgrade will provide a factor 5-10 more statistics

o And Bellell aims to improve B-factory statistics by a tactor ~50

o No time to be playing football in thepark.. .=« w0 .

LS LOWRY, Peel Park, Salford (1944)

30th International Symposium on Lepton Photon Interactions at High Energies. Manchester, 10-14 January 2022



