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Standard Model

Matter, S =1/2 Forces, Vacuum,
A S=1 5$=0 : :
s N , Three sectors: fermions (spin = 1/,),
mass | =2.2 MeV/c2 =1.28 GeV/c? =173.1 GeV/c? =124.97 GeV/c2

. % 0 |E gauge bosons (S = 1) and scalar fields

charge

spin % C Y t y \ H
charm top | higgs (S - O);
—/ —J | P. Maupertuis:
=4.7 MeV/c? =96 MeV/c? =4.18 GeV/c2 0

God is not a craftsman (mechanic)
and governs the world not with

.@ 1@ |- @

down strange || bottom || photon ] . . .
) —J\ equations, but with principles
=0.511 MeV/c2 =105.66 MeV/c2 =1.7768 GeV/c2 =91.19 GeV/c2 . .
;21 " " g N SM: Lorentz and gauge invariance allows
= to derive almost all Lagrangian terms...

electron muon tau Z boson

ALMOST ALL, but no ALL!

<1.0 eV/c2 <0.17 MeV/c2? <18.2 MeV/c? =80.39 GeV/c?
0 0 0

. O . Vi . Ol Y Some extra important principle
\ated still successfully avoided our

electron muon tau
neutrino neutrino neutrino

LEPTONS

Are constituents of stars, planets and all we can see understanding.
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SM interactions
13 free parameters But there is no known

Important SM principle: Spin varied from  principle on
gauge invariance Ya w 0ootto L interaction between

L , Fermion \\ fermions and scalar
Gauge invariance fixes _—

all interaction of (and antimatter)
gauge bosons:
selfinteraction and

Even knowing all the
parameters of these
interactions with

interaction with Spin 2 free . high accuracy, we
fermions and scalars 1 parameter: ’
scale + cannot guess the

Gauge bosons selfcoupling Sca ons principle.
3free. forces Higgs field
coupling (electromagnetic,
constants ~ 1 weak, strong)

SM is really built on few keystone principles, but we haven't grasped some principles yet
This is not the SM problem — this is likely a problem of lack of our creativity
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Parameters of the Standard Model | —
50 —
o 3 gauge couplings (of the same order ~1, 40
moreover, they are running and seem to be Z’Z:
trending to the same value) 10~
o 2 Higgs parameters (one is scaling parameter — -y — —
we can't avoid this, another is selfcoupling ~1) 50~ oy S exansion of
N Standard Model
o 6 quark masses A N
o CKM: 3 quark mixing angles + 1 phase 20 . -
o 3 (+3) lepton masses _ 12_
o (3 lepton mixing angles + 1 phase) 1 o O ey Gev
__________________________________________________________ after 50 years of thinking, we still

have no ideas.
() = with Dirac neutrino masses
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Fermion interactions
with Higgs field with W-bosons
A

3 i Nt A )
UI UI , ,. 0 W+ Uli
L =... z YlJU ¢T< >+YLJD qule( U) +—2(U‘ lL)yu (W‘ 6‘ )(D’i)-l_m
i)j:l L u L
Two 3X3 arbitrary complex matrices! Fortunately,

many parameters are unphysical!

3 )
Sl )
— D7 )vHV, _ -
\/Eij=1( L L)y CKM VVH 0 Dll,

VC'lIJ{M = (LULJIFD)

9.2-2 =36 free parameters?

Mass basis
U'L - Ul = (LyU'L)Y, U'k—= Up = (RyU'R)"

(LuyuRzr])ij«bO) =\

diagonal

3 + 3 free parameters: masses 4 free parameters: CKM mixing

_etter than 36 but worse than 0 (expected for ToE)
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Flavour physics

Aristotle: Nature Does Nothing In Vain (NDNIV)

We used almost the entire contents of the SM particle
table to build the World, but two fermion generations
(and all antifermions) remain unused...

second and the third generations, it seems at first
glance trifling. These particles resemble the rough

sketches, which the Creator has thrown out as

Yir unsuccessful, and which we with our sophisticated
ke equipment dug in his wastebasket. Now we are

starting to understand that these particles play an

important role in the first moments of the Big Bang...

Lev Okun

"j SRR = As for the macroscopic role of the particles of the
Py LS =

C

)
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CP violation

CP violation is necessary for evolution of matter dominated
universe, from symmetric initial state (A. Sakharov, 1967).

Nature chosen an expensive way to remove (life-
threatening) antimatter (Why even create it then?) using
two extra quark’s generation. CP violation through the
complex quark mixing (M. Kobayashi & T. Maskawa, 1972).

0.2264 09732 0.0405 0.0005 0.0001 0.0008
0.0085 0.0398 0.9992 0.0002 0.0008 0.0000

Almost identity

0.9740 0.2265 0.0036 0.0001 0.0005 0.0001
Vekm!| = +

Almost diagonal

Almost symmetric

Jep = [Im(VigVipVipVia)| = (2.961579)x107°
/

CPV is tiny in CKM; it is not enough to produce BAU
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Wolfenstein parameterization

Hierarchy of strengths of quark transitions magnitudes

d u A =sinf; =sinf, = 0.23 d s b .
€—>
v _2A — 0(1) 1 B
: PRIRE c — =0 cn i -
0(1?)
b t eeeeeens 0(13) t -« i )
g €<—>Y
Charge —1/3 Charge +2/3
Expansion on a small parameter A: Vi y
40/ phases
A @ b M d s b
\ o
W— .
- -4 AZ |rolr) u
— AR 1 .
CPV phases are
(nthe corners ¢ [
. sin 923 ~ . sin 913 . -
A - sin? 912 - 08 (p’ n) o sin 912 sin 923 (COS 6, Sin 5)
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Unitarity Triangle

Unitarity condition of CKM matrix VJKMVCKM = 1 gives 9 constrains V;;V;; = §ji:
* 3 (j = k) says that the probability for each quark to couple to W™ is summed up to 1;

* 6(j # k) can be represented by triangles in the complex plane.
* 4 triangles are degenerate; 2 has comparable sides (o< 13).

* OneisaVery Important Triangle:
VibVua ¥ VerVeag + Vip Vg =
) Convenient to normalize all sides to the base of

VipVea the triangle (V .4V, = AA3).
VcbV:d

phase of Then the coordinates of the upper
Via apex are expressed through
""""""" > Wolfenstein parameters (p,n).

0 1
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Very Important UT

This UT is about almost all CKM elements (not only their absolute values, but phases as well).

Vud Vus Vub
VUb Vljd + VCb VC*d + th Vt*d — VCKM — VCd VCS Vcb
Via Vis Vi

It is important to test CM-ansatz consistency
(to check that 4, rather than 5 or more
parameters fix whole CKM)

phase of

Almost all information on UT sides and angles comes from B-physics.
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Where are we now O,

NS %
* Since early 90" evidence that CKM consists of complex phase by the first 5\\\‘
generation B-experiments (Argus and CLEO): observation of B) — B

mixing and b — u transitions

e 2001 —first observation of CP violation in B-decays by B-factories (BaBar
and Belle) confirms that CKM is really complex

e During the past 20 years success of the CKM picture: all CP-violation
manifestations in lab experiments are amenable to a single complex CKM
phase

* Now look for deviations from overall consistency of CM ansatz

e Updates mainly from B-factories full samples and new LHCb and Belle Il
results
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B phy5|cs & computer

- — 1
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Flavour Lattice Averaging Group
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Absolute values... 4 B - ft )

Nuclear K — 7ftv v

beta-decays BY - Kf:v
nt > ¢ty K+ - M+v Ap > ALY
T > utv B- X, v

D -ttty D - Kftv B - Dfv
V — D - pt*v D - K¢ty B - D*{"v
CKM B, —» BY¢*v B.— B}*v Ap - A LTV

Dt - uttv Di-ut*v B - X AT

Amy Am Single top
B - K~ :
B - py - Ry production
B - Xsy t > bW

B = Xqy B) > utu~ Z - bb y



|V 5| & |V, | determination ¢

|V, | normalizes the whole unitarity triangle; 7
measured using weak tree (no NP!) transition b - c(u)£v, b ,Vcb Vt:— >
Complementary e_xperimental approaches: B . . . Xe
Inclusive decays B — X yf Vp; X¢(y is not reconstructed
- experiment: large backgrounds — only B factories £
- theory: series in ag and Agcp/my, relying on HQE 7
Exclusive decays such as B — D (m)#v, or B — D*(p)£v, L (A

- experiment: controlled backgrounds — LHCb & B factories B
- theory/lattice: Form Factors (FF)

Rely on different theoretical calculations; understqp ;

. . . Nding
Use different experimental techniques;
Have uncorrelated statistical and systematic uncertainties.
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Recent |V ;| & |V, | studies

But, instead of agreement, long- BELLE (full data set):
standing tension (~30) between * g° moments in inclusive tagged B - X~ ,
inclusive and exclusive measurements.  PRD 104, 112011 (2021)
s A8 g 11 BELLE |l
E 46E Exclusive V| Ay =10 °°nt°‘ffs = 2 o ] — _
— 44F Exclusive [V | ‘Invculjfgzw 3 * q° moments in inclusive tagged B — XAV,
> oF VIV, Vot 3 arXiv:2205.06372 (2022)
4§_ [ wrLav Average _ * exclusive tagged B — €~ v, (preliminary (2022))
3.8 — 2« exclusive tagged B® - D*~¢£*v, (preliminary (2022))
3-6;— e — * inclusive tagged B — X, £V, (preliminary (2022))
SE =gl 0 exclusive B » K~ £1vy,
28E 1  PRL 126, 081804 (2021)
oS e exclusive A - pf T,

V_I[10°]  Nature Physics 11, 743 (2015)
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Inclusive |V ;| measurements g

Belle IT

JHEP 02 (2019) 177 motivated a purely data-driven |V | analysis including higher order HQE
corrections using g% = (p, + p,)? moments. Requires to “reconstruct” v,: only B-factories

arXiv:2205.06372 [hep-ex]
New BeIIe Il (62.8/fb) measurement of g% moments in B = X.£~ v, using Btag — hadrons.

Good g resolution with kinematic fit. [ M
1.0 x10% x104 4 Belle is— A Belle
Belle Il B 5o Xty 1.4 [ Bellen B B - Xctv — 8] &
[Ldt = 62.8 b~ == B35 Bkg. [Ldt = 62.8b~ == B85 Bkq. ‘% ] =4
—~ 0.8F BN etem~aq | ~ q5f B ete- »qg G =
U w# Uncertainty L Wy Uncertainty :7—_ NO'B—
% { Data > 10l { Data T . T
© 0.6 & 6 27
o q?>1.5 Gev?/c* S o08f q?> 1.5 GeV2/c* ] :1_
S S -
~ 0.4 g L ]
2 ﬂ0.6 5|""|""|""|""|""|""|""|" 0
b Soal 1 2 3 4 5 6 7 8 1 2 3 4 5 6 71 8
@ 02 & G2 [Gev?] g2, [Gev?]
0.2 1
6 —— Fit Result ] —— Fit Result
L ] 80
00755 %0 15 20 25 30 35 40 00 5 10 15 20 SLE f g:::: ! = ] 3 ::::: !
My [GeV/c?] a2 [GeV?/c*] (%9,4_' E,GO_-
Belle 11, Belle pRD 104, 112011 (2021) and fit by £ 2,
o o 4
. 727 T ]
F. Bernlochner et al. grxiv:2205.1027[hep-ph]
0 03
|V | u— 4-1 69+O63 ° 10_3 T T | T I T T T —-I" I BERENRERES I T T
cb - . —_ . 1 2 3 4 5 6 71 8 1 2 3 4 5 6 71 8
& [GeV?] qéu [GeV?]
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D

|V 5| measurements o>

Belle I
New Belle 11 (189.3/fb) measurement of B+ — =/%¢%y, with hadronic tag. Preliminary

Azs 0 - g O ool L
"g o ga ::gr::nd 0GeV?/c* = g2 < 8 GeV?/c? vg = - ga::gr:nd 8GeV?/c* = q? <16GeV?/c* E 40 = ga::gr:md 16 GeV?/c* < g? < 26.4 GeV?/c*
N 20F e stat. unc. A ™ s stat. unc. 3 R stat. unc.
S e S i S
o .t O G AF
2 % 20 2
© 1f S e *|
2wl A0 £ 10}
g g t g [
W w W
0 0 0
-1.0 -05 00 05 1.0 1.5 20 25 3.0 -1.0 -0.5 0.0 05 1.0 15 20 25 3.0 -1.0 -0.5 0.0 0.5 1.0 1.5 20 25 3.0
M2, [GeV?/c*] M2, [GeV?/c?] M2, [GeV?/c?]
1e=5 Belle Il Preliminary [cdt=189.3fb" 4 le—6 Belle Il Preliminary [cdt=189.3fb" F,t Mz
T ™17 T T e o e e ™ b BN SR e R O B ML AL LRV LT FRANEL R L B .
| 1.4:_ T T T T T T _ | miss 5
N - 1 7F . 2
~ L 0 + 1 - + 0 p+ 1 . — — — —
N - daf B* - =4 v, 3 JF BT - {7, Mpiss = \Pete PBiyg — Pe — Pm
j i : . . 2
= LOf in 3 bins of q
A 2
& osf : 2 _ - _
N E 4~ = \Pete thag Pr
g o _:
~ | ]
0.4fF k + 2
02b ] = wl )+
0.2 ; dq? 2413

o N L
L 1 .
001 {RE7 M T Tl (L Y RO TN W Y W YOO Pl . WY OA I Yt 0 5 P PR |

0 5 10150 %s 0 S TV TR T T : _ . -3
P o o V| = (3.88 % 0.45) - 10
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Exclusive Measurements of |V _,,|/|V ;| at LHCb %

BY - Kuv PRL 126, 081804 (2021)
Vub1/1Veb 10w g2 = 0.0607 £ 0.0015(stat) £ 0.0013(syst) + 0.0008(Ds) + 0.0030(FF)
Vub 1/ 1Veb nign gz = 0.0946 + 0.0030(stat) Iy 38§§(syst) + 0.0013(Dy) + 0.0068(FF)

~ 18000 — .
1600 — dat RS - Combinatorial k
+| toi:: LHCb > 15000 [ M Mis-identified LHCb E
= s K 2fb™ § -317/1 v ]
S 1200 == K, , W E
= —— Hy— H (= KX uX ] 2 % -y :
NJ 0 ! —
= —— B —> K"~ w'v, o 9000 MEMpuV — p—
g 800 B — (> uuw) KX IM” g S F 2 2 | .
o —— misID .. S 6000 = 6 Z g LHCD -
€ 400 - combinatorial § ¥ E —= [ 2 = .
3 i 6‘ 3000 i 5:_ Eﬁ :ﬁ -
| il > i e
S ' $b0o 4000 _ 5000 4 |Vl Inclusive™ v @> GeV /¢
3000 4000 Corrected pu mass [MeV/c-] IV_|Exclusive B, — Ky

Meorr [IMEV]

e :
A% — puv Nature 11, 743 (2015) : W
e :

Vb /IVep| g2515 = 0.083 £ 0.004(stat) £ 0.004(syst)

35 40 a5 3
[Vl [107]
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V:q|& |V;s| determination

| 2 Vi w+ Va
. b - < < q b q
are not (yet) measurable in B -
B, w wo B, B t B
tree-level top quark decays; B - B -
> > b q b
~ Vi t WV Vi W7 v,
to be determined from By -B; oscillations
New LHCb study 6/fb  Nature Phys. 18, 1 (2022) New Belle Il study 190/fb preliminary
— BY 5 Dyt = B% - BY - D_nt = Untagged stoo Ty e
2500F .4 o FL T T 22000 b B%BOE
Z 2000 5 ~40k B - D™~ht;
g 1c00 o BY » DMW=¢*y, to
8 500
> be added soon.

n o
T

o
o

Asymmetry Candidates
o

Am, = (17.7683 + 0.0051 + 0.0032)ps~ 1 Amg, = (0.516 + 0.008 £+ 0.005)ps 1

P. Pakhlov “B-physics and CKM” 41st Physics in Collision 20/36



‘th ‘& ‘Vts ‘ determination fa4\/Be, = (210.6 £ 5.5)MeV fp \/[Bp = (256.1 + 5.7)MeV

FLAG average for Ny =2+1+1

HPQCD 19A

'I-_LEQ

Flavour Lattice|Averaging Group N
HEH

2 X
20002 2 * -
Amq 0'e GFmthquBBq (thth) H
HEH
decay constant ' ' -
N bag parameter 180 220 260

—
input from LQCD

V Am;m
Vial _ =5 ¢ =0.2159 + 0.0004(exp) + 0.0107(LQCD)

| VtS | ATns mBC7

& = fBSJBBS/de,/BBd = 1.268 + 0.063 SU(3)-flavour breaking factor  3s-

374

Other methods:
o |Visl from BY — ptp~
* |Vigql/|Vis| from ratio B(B — py)/B(B = K*y)

P. Pakhlov “B-physics and CKM”

Vegl = (8.6 +0.2)x1073
V| = (41.5 + 0.9)x1073

41st Physics in Collision

arXiv:2103.17224 [hep-lat]

434

424

X
K
>

394

36

40+

..............................................
T

.........................

260 300 MeV

x2/dof = 4.59/3
p=0.2
lo 20

7.0

7.5

8'0 8. 5 QTO 9.5
|Vig| x 103
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p /¢, measurements »— —c
Vo "\ W~ J /v
the most theoretically clean. 1 C " vV
Penguin contribution to the final B’ ) b :
states with charmonium J7d B’ W=
* are expected to be small; d < d d <
* has the same SM weak phase.
Full dataset, 465 MBB Full dataset, 772 MBB 3/fb
sin2f = | 0.687 + 0.028 + 0.012 | 0.667 £ 0.023 + 0.012 0.760 = 0.034
A = 0.024 £+ 0.020 + 0.016 | 0.006 + 0.016 £+ 0.012 —0.017 £+ 0.029

the most precise UT value: § = (22.2 + 0.7),
need at least two more measurements with
comparable accuracy; but all others are not so

precise yet...

P. Pakhlov “B-physics and CKM”
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|

Direct CP asymmetry is consistent with O,
confirming co-phasing of tree and
penguin amplitudes
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B /¢1 measurements e i s, o

- = Btags

o O
(=)
T

Important to check consistency of all BY — charmonium KSO:

* penguin contribution may be different for different
charmonia (penguins can be underestimated or NP
contribution to the loop)

* for broad states decaying into light hadrons also
interesting to probe interference with non-resonant
(penguin) contribution

(=}
'

F .a Bl tags

a o N
o O O
T I I TTTT

I
o
FTTTTTT

Events - Background / ( 1.4 ps)

New Belle (full data set, 772 MBB) CPV study of B® — 71K .

First shown at ICHEP22. Preliminary

* Previous measurements of this channel BaBar — full data
set; Belle — using 151 MBB

$=0.591+0.17 £ 0.07 A=0.161+0.12 + 0.06

Raw Asymmetry
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B /¢, measurements

Belle II: first look at CPV in B® — J /yK{:

 BJ — B oscillations study demonstrated that
At resolution and flavor tagging working well.

« Use BT - J/YK™ for exercising: no CPV
(neither indirect nor direct) is observed as
expected.

e Systematics errors: the biggest contribution is
from the statistical errors of the control
samples.

§=0.720£0.062 + 0.016
A =0.094 + 0.04475077

Candidates / (0.5 ps)

Asymmetry

250

 Belle Il (Preliminary)

: — -1
2oo_—det 190 fb

The result is in good agreement with WA; statistical and systematics errors are as expected.
Tools are ready for an impactful sin2¢, measurement.

P. Pakhlov “B-physics and CKM”

41st Physics in Collision
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d :

a /¢, measurements .
Penguin contribution: v, ~w- - - Z Q ;Euw’p

* not expected to be small _b— > u B "
. . B° 7T+9 p+ 7T+9 p+

e consists of different weak phase d < d d < d

 unknown strong phase
Isospin analysis PRL 65, 3381 (1990) based on relations:

A._.= AB°->natn™) =e Tt 4P
V2440 = V2A(B® - %1% = e~i@T00 4 p
V24,0 =V2A(BY » nt %) = e ¢(T0 4 T+)
Need to measure :
* 6BR'sB(B)ton*™n~; m%n?; and B* to mEn?
* indirect CPVin B - m¥n™ (o sin 2a,¢f)

Isospin triangles:

A+_ + \/EAOO — \/ZA_*_O

T o - Ap_ +V2405 = V24,
Tn el nen Isospin breaking:

B-factories @ @ _@ | * u-d mass/charge difference
LHCb @ @ @  m-n-1' (p-w) mixing

P. Pakhlov “B-physics and CKM” 41st Physics in Collision
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/¢, measurements JHEP 03 (2021) 075 %

5000

- T T T T T T T T[T
§ f)gg%: LIHC[:)l:lta . :% Recent LHCb (run 2 data set, 1.9/fb) CPV study of B® - tm~
= 35002— R —é * Perfect hadron identification High signal purity &
S 3288;: M-z~ 5 * Vertexconstraint } controlled bgs
G || mn, | Hueeseio -
2 1000 L OO 9« Effective tagging (both same and opposite sides)
Q Comb. bkg. E
| . s

$=-0.706+0.042 +0.013

&
N A IO e i o

| | | | | |
2 54 56 58 6 6.2
e (G C=-0.311+0.045+0.015 IO
o 0.55"'|"'|"'|"'|"'I"'I‘"IE"'I"‘I"'I"'I"'I"'I"'é ___________ PRELIMINARY
£ 0.4F LHCb 4 LHCb E BaBar - -0.68 +0.10 % 0.03
£ 0.3 1.9 b 4= 1.9 b’ 3 PRD 87 (2013) 052009 ;
g 0.2F 7*z~ sample | J 7%z~ sample + E R | Belle 5 4 -0.64 + 0.08 + 0.03
<V£ 0.1F OS tagging JF SSc tagging - CJ%J PRD 88 (2013) 092003 -
O l < /%/ 3 | LHCb Run 1 < N ,-0.63 + 0.05 + 0.01
_0.1E Tt E = PR D98 (2018) 032004 | | '
~0.2F & £ LHCb Run 2 -0.71 4 0.04 + 0.01
_03E E 3 +l= JHEP 2103 (2021075 % ;"
~0.4f o 2 Average - -0.67 + 0.03
7 Y S EP P PP I VPR BPIPN PPN - SIPI IPAPAPS I AP I PR B HFLAV correlated average
o 2 2 2 2 * - : * -
2 4 6 8 10 12 2 4 6 8 10 12 14 Y 5 Y Y

Decay time [ps] Decay time [ps]
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/¢, measurements

% 220 :_ Belle Il (preliminary) g Belle Il (preliminary) fL — 94-3+8 8%% + O 027
s “f 600 |
= 200} + det_189.25fb 5 det 189.25 fb”
| 2 ol o, A'=—0069 + 0.068 + 0.060
g 140 é 400 |- ¥ :52%52!,:?:55
g bed | 8o} Ly :Eibf")% ~ null direct CPV;
8 o 200 —Boax almost 100% one CP component
40 i =
20 L i . Rz L 4.8
o015 01 505 i —8 -06-04 02 0 02 04 o a = (85 2t4 3
AE = E* - GeV
B beam [ L'—]) 12 .B—)pp B—)Jtn' HFLAY |
. . + + .0 | - o |_PDG 2022 |
New Belle Il (190/fb) study of direct CPVin B™ - p™p"” — | | 3

* Previous study showed small penguin contribution in
this channel: more sensitivity to a from the isospin
analysis.

e Only two-fold ambiguity (unlike 8-fold in mm)

* \Vector-Vector final state: mixture of CP even and CP
odd — to be disentangle by angular analysis

P. Pakhlov “B-physics and CKM” 41st Physics in Collision



Y/¢P3 measurements K- D;
Angle between two amplitudes is y, but the b_,Vd’ . b_,%b v

final states can interfere only via B-B? B, B K*

mixing. Only LHCb can do such analysis.

Recent LHCb study (9/fb) JHEP03(2021)137 of indirect CPV in B - Dy K ¥ m™

* Tagging and vertexing are tested and verified with B - Dyntmtm™

 Many intermediate resonances (not obligatory with the same fraction in two diagrams):
study of resonance decomposition (time-dependent amplitude analysis).

> a0k g T T ' 0.5g———
E 1400F- A L HCH 3PS integrated coherence s 0%
1200 ¢ Data = . 03k
= F ) —Fit ] factor: 0.06 £ 0. 04 (modef): -
g P EAB-DiK ' n _ 072 % 0.04 0.1E"
Z  800f Ep-Dik*nirr 4 K= Y12 — oF
S L\ — T Comb. bkg. ] . 1§
S:s Part. reco. bkg. = QO :0:22
y—2B, = (42+10+4 +5)° =%
A W it e T B N S T R
5200 5300 5400 5500 5600 5700 ¢ modulo 21/ Am) [ps]

m(DIK*ntn¥) [MeV]
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v /@3 measurements d.s )

= = b - =
ﬂﬂ- ,K ‘/ub W_ EO
Angle between two amplitudes is y, but : FVcb W . B~ ©
d,s

the final states are different DY = DY, B~ D° K-
u < u u < u
Special efforts are required to organize
. p q g ‘ Afavoured x A — IAsuppressedl ~ 0.1 Asuppressed X Azx(l/g)
interference and CPV: BT Arwvoured| color
o . 0 _ _
GLW method PLB253, 483 (1991): D VIA(B* - DL K) V2A(B~ = D% K")

decays into CP-eigenstate (Cabibbo
+ + - 5 DOg-
suppressed modes, e.g. KTK~, KSOnO) A(B* - D°K™) A(B™ = D7K™)
A(B* - D°K*) = A(B~ - D°K")
* ADS method PRL78, 3357 (1997): D°
decays into DCS mode in allowed final state: (very rarely, but improve 7g)

* BPGGSZ method PRD68, 054018 (2003): D° decays into three body state (e.g. K39T[+T[_):

mixture of intermediate (interfering) resonances: non (CA and DCS) and opposite CP
eigenstates +1. Resolve each contribution by Dalitz analysis. Improved by using binned
Dalitz D2p » Kdmtm™ from CLEOc/BES data.
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Y /¢P3 measurement JHEP02(2022)063

BEL/_E Be//e H

3 8
New Belle (711/fb)+Belle Il (128/fb) measurement of % s I ;518
. > 6% > 5
¥ using BPGGSZ method B* - D°K*(n*), D° - g 2 isg cﬁ“‘ 8
0+ — pOp+p— k1 £ LM :
Kin"n™, KiK™K I & L 1 s
e Use binned Dalitz D2p —» Kdntn~(K*K ™) from Bos ARzt ‘ »
05 1 15 2 25 3 1 12 14 16 18 "1
CLEOc/BES data m? (Kr) [GeV2/c] m? (K2K') [GeV3/c’]
E — 78- 4 + 11- 4 + O- 5 + 1- O ° i<1OSBeIIe % Myq (best fit x, y) idOSBeIIe %= My (best fit x, y)
o O A s oL )
| Belle +Bellell 6p = (1248 +129+£ 05+ 17)° 5
2H|Ldt= T e, o
0 _JL‘“ (Fi+i2s)fo g = (1294244 0.1+ 0.2)x1072
o1 y | | T o
é> ol : ‘ B The third error is due to g o . B
01l B CLEOC/BES uncertainties N Jraztie S - [
Al in strong phase difference aw| | K || 1
_02 [— B+ +ZD 0.1+ 20 0.1}
0 i | | | | | x | | | | | 0.05} 0.05F
EU.S -0.2 -0.1 0 01 02 03 ol e b T ol et LT
DK —8—6—4—202468202 —8—6—4—292468—202
X Bin, Bin
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Y /¢3; measurement
New LHCb (9/fb) measurement of y in BT —

DOK*(rt), DO

— 180

o

N

> 160
140
120

100

80

P. Pa

Use GLW and ADS methods

No Dalitz analysis but instead use information
from CLEOc/BES on fraction of CP even
componentin D® - KK rn°, ntn—nY:
FTmT = 0.973 4 0.017, FKKT = 0.732 4 0.055
Significant signal in “ADS” mode observed
Evidence for large CP violation in “ADS” mode

= = 180
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Y /¢3; measurement

Recent LHCb (run 1+2 data set) study B(S)

* Simultaneous fit to y and charm
mixing parameters

* Including several new and updated
results

E

1-CL

T |1 N B

90
v [°]

P. Pakhlov “B-physics and CKM”

JHEP 12 (2021), 141

O/% 5 D(1,2,3)h: D — 2,3,4 body

— (W B=D°, D' ka3

50
B*—>D°h*, D"—KJhh
B decay D decay Ref. Dataset Status since | - B*jD"hﬁ D°:)>h”sh"
Ref. [17] 0| | I All B*—D"h* modes
I Be d Ch;
B* = Dh* D= hth- 200 Run1&2  Updated | M- e adem
B* s Di* D htrataz~ [2]  Runl As before 0 30 100
B* - Dh* D — h+h=a® 22  Runl As before
B* - Dh* D — KSh*h- [19) Run1&2  Updated g
_ ° 350
B* 5 Dh* D — KJK*rn¥ (23] Run 1&2 Updated %
B* - D*h* D — h*h- 200  Run1&2  Updated S
B* - DK** D — hth~ [24] Run 1&2(*) As before 300
B* 5 DK** D — htrnta™  [24] Run 1&2(*) Asbefore | 4 0 S8 o
B* - Dh*rtn— D — hth~ [25] Run 1 As before i X
B - DK*0 D = hth- 26)  Run1&2(*) Updated 250 W BSDH, D>kl
B® - DK*° D htratr~  [26]  Run 1&2(*) New _ B by Kshh
BY — DK*° D — Kdntn— [27] Run 1 As before 200 I Al B DK modes |
BY — D¥r* D* - K—wntnt 28] Run 1 As before T L ‘ - Belauty a"fj Channl i
BY — DFK* D} - hth~n* [29] Run 1 As before 0 50 100 150 o
B - DFK*r+n~ Df »hth~zt  [30]  Run1&2  New 7 [°]
o —
f— — + 3 .8 2300 I B>DK™, D'>h3x
y — (p = . % [0 BDK™, D'Khh
3 - 4‘ . 2 S e [ I BSDKY, DER”
% 250 I All B*>D°K™ modes
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Most precise by single experiment! T e
~ inn hotwawiceon ~havreand sndAd 00 L NS ' ]
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150 W
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|
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Y /¢3 measurement 7
Progress over the past two years mostly thanks to 0
LHCb using full (9/fb run 1,2) data sets.

04
* New methods applied, old results updated

0.2
* The errors are improved by ~30%

0

 The central value moves by almost 20
* Now isin good agreement with global CKM fit
y = (65.6797

obtained from all other CKM parameters, except y

-C

direct measurements.

e Still some tension between different
methods/B’s/channels
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Summary

Progress over the past two years: modest but

gradual and incremental.

e LHCb & Belle update many analysis using full
data set

* Belle Il first results: still smaller statistics than
at Belle, but demonstrate readiness to go on

Good agreement in global CKM fit, though some

tension between different methods for the same

parameter: |V p |, |[Vupl, ¥

Absolute values of CKM elements are dominated

by theoretical/model/phenomenological

uncertainties. Recent progress in LQCD + new

inputs from charm sector to check and verify.
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CKM future in 5-10 years "k e -
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