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Parametri satkiMMat of xt h.

With the mixing angles cos, sin(0;;) = ¢;j, s;; the CKM matrix is the
product of three 2x2 rotation matrices with one phase
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CKM met rwHergey :do we ¢

‘Overall results of the CKMfitter 2023 update

The global fit remains excellent, preliminary results:
CKM'21: p-value ~ 29% (1.10) — CKM’23: p-value ~ 67% (0.40)
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eXpletiment al
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2023

CKM Process Ohbservables Non-perturbative theoretical inputs
[V | 0F =07 3 [ Vid| nuel = 0.97373 £ 0.00009 £ 0.00053 Nuclear matrix elements
K — nly, Ve lst fE77(0) 0.21635 + 0.00038 FE270) = 0.9675 £ 0.0011 £ 0.0023
Vas| K — e, B(K - er.) = (1.582 £ 0.007) - 107
K — puy, B(K — py) = 0.6356 £ 0.0011 fr = 15557 £0.17 £0.57 MeV
r— Kuv, B(r — Kuv,) - (0.6986 = 0.0085) - 10-2
L3 K= ¥l " PV ﬁ i 1_'33 b7 = [}‘[\mg - fic/f= = 1.1973 +£0.0007 + 0.0014
T = Kvp /T — wvr B} = (6.437 £0.092) - 10~=
v N Vol oo taeice — 0.230 = 0.011
V| D =i BD = rvr) = (1.20 £0.27) - 107 fo./fp = 11782+ 0.0006 £ 0.0033
D — B(D — pwy,) = (3.77+017)- 1071
D - wly, VodstfP~7(0) = 0.1426 + 0.0018 fO-7(0) = 0.624 £ 0.004 £ 0.006
W — cs Vs [mot tattice - 0.967 + 0.011
V| De =7 B(D. > 1) = (5:32:£010) - 107 fo, = 249.23+0.27 +0.65 McV
D, = py, B(D, — pu,,) = (5.43 £ 0.16) - 10~
D — Kiy, [V lgLfPE(0) = 0.7180 £ 0.0033 fPHE0) = 0.742 £ 0.002 £ 0.004
Vol semileptonic B [VanlsL = (3.86 £ 0.07 £0.12) - 10— form factors, shape functions
B — v B(B — tv;) = (1.09 £ 0.24) - 10~ fo./fs = 12118 £0.0020 + 0.0058
| Vs | semileptonic B [Ven| =1 = (41.22 4+ 0.24 +0.37) - 107 form factors, OPE matrix elements
semileptonic Ay f:+‘!’f,— - (0.918 £ 0.083) - 102 C‘:,\‘j%g— — 1471 £ 0.096 £ 0.290
Vub/Vasl | gemileptonic B, ‘f{i‘_\:’; _'\,‘; ‘1 - (3.25 £ 0.28) - 103 Ejif;: - : = 0.363 £ 0.001 £ 0.065
inclusive |V:uh..-flv;;h|im;: = 0.100 £ 0.006 + 0.003 f
at B —7mw, pw, pp branching ratios, C'FP asvinimetries isospin synunetry
3 B = (ef)K .‘sin[?;’i)[,:,—:| (L7008 £ 0.011 subleading penguins neglected
! BY - DMWY cos(27) = 0.91+0.25
4 B — DKM o = (65.9752)° GGSZ, GLW, ADS methods
e By — J/O( KK, mw) (s )bsees = (0.030 £ 0.016
Ay Ay = 0.5065 4+ 0.0019 ps—! Bg, If'fi’gj = 1.007 £+ 0.010 £+ 0.014
Vi Vi Am, Am, - 17.765 = 0.006 ps— ! By, = 131340012+ 0030
B, — up B(B. — up) = (345 £0.29) 10 % (1 — 0.063)] fn — 929875 +0.69 + 18T MeV
V;Vis and K x| — (2.228 = 0.011) - 10 7 Brx = 0.7567 £0.0020 + 0.0123
Vo Ves Ke = (0,940 £ 0.013 £ 0.023
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CKM gl obtaelor dtiital “inp
deal rngawrbohic effects

— Need to deal with hadronic effects inherent to the quark sector

— Determine L&}, v vpy ~ LiCi(p) x Oi(p), where pp ~ O(few) GeV:
C; collects short distance physics; O; collects long-distance physics

T — v, K — mly, etcX decay constants, form factors

Ex.: f,, fK_’”"T(O)
_pp <O|( I,u-ﬂf'Su)‘W(p»!

™ (@) e+ P ) + r’“’"(q )P — P = (m(p" )Gy PrLu)|K(p))

(semi-)leptonic decays

B(s )B( ) KK: bag parameters
Meson-mixing BB_ BB B’Bf BK
Smy fRBr = (K|(57*Prd) (57, PLd)|K)

— Lattice QCD: extractions of non-perturbative parameters;
averages typically dominated by systematic uncertainties
(fermion action, a — 0, L — oo, mass extrapolations...)

etc. meavn&l ,BY DOIT /1T ¢
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(p. 1)

- d B s - b E_\
€
u n%_—__ég K-—_;éf B!Qé;r/
0 i e
V=l Drérﬁ" D=y |Bw==
_ W (0.0) - (0,1)
t BB B’|B gl ! sy
- P B B, \ij Be—%

— Double requirement: precision in meas. and theo. prediction
— Observables with very different properties are available:
o Tree: e.g., |V
o Loop: e.g., Amy, Am, ek, sin(2)
o CP-conserving: e.g., |Vyp|, Amy, Am
o CP-violating: e.g., 7, €k, sin(2/3)
o Exp. uncs.: e.g., a, sin(26), v
o Syst. uncs.: e.g., |Vl |Vel, €k, Amy, Am, xg
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‘Summer 2023

PRELIMINARY

‘BaBar Jiy K HR 0.026 + 0.025 = 0.016
PRD 79 (2009) 072009 £
BaBar Jiy K_ i -0.033 = 0.050 = 0.027
PRD 79 (2009) 072009 T
BaBar (2S) K | N 0,089 + 0.076 = 0.020
PRD 79 (2009) 072009 t " !
Belle Jiy Kg 0.015 = 0,021 ‘%23
PRL 108 (2072) 171802 g
Belle JAy K, nay -0.019 = 0.026 *054
PRL 108 (2012) 171802 T
Belle y(2S) K -0.104 = 0.055 *0927
PRL 108 ( 2012)1 1802
LHCb Run 1 Jhy Kg i -0.014 = 0.030
JHEP 11 (2017) 170 ol
LHCb Run 1 y(2S) K i -0.050 + 0.100 = 0.010
JHEP 11 (2017) 170 f
LHCb Run 2 Jhy Kg HE 0.018 = 0.013 + 0.003
LHCb-PAPER-2023-013 :;
LHCb Run 2 y(2S) -0.083 = 0.048 = 0.005
LHCb-PAPEH-ZOES-OlB —
World Average -E 0.006 = 0.010
HFLAV v

-0.3 -0.2 -0.1 0 0.1 0.2 0.3
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%

PRELIMINARY

‘BaBar Jiy K 0.657 = 0.036 = 0.012
PRD 70 (2009 072009+
BaBar Jiy K, 0.694 + 0.061 = 0.051
PRD 79 (2009) 072009 i
BaBar y(2S) K, 0.897,+ 0.100 + 0.036
PRD 79 (2009) 072009 h
Belle JAy K 0.670 + 0.029 = 0.043
PRL 108 (2012) 171802 = !
Belle JAy K 0.642 + 0.047 = 0.021
PRL 108 (20%2) 171802 * i ;
Belle y(2S) K 0.718 + 0.090 = 0.031
PRD 77 (2008) 091103(R) ;
LHCb Run 1 JAp Kg % 0.750 + 0.040
JHEP 11 (2017) 170 .
LHCb Run 1 y(2S) Kg _0.840 = 0.100 = 0.010
JHEP 11 (2017) 170 ) ' E
LHCb Run 2 JAp K o 0.720 + 0.014 + 0.007
LHCb-PAPER-2023-013 !
LHCb Run 2 y(2S) K 0.647 + 0.053 = 0.048
LHCb-PAPER-2023-013 K ;
World Average ++ 0.708 = 0.0;1 1
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CKM gl obak aladgfe

— Branching ratios and CP asymmetries for B — 77, pm, pp
— Isospin analysis constrains hadronic penguin and tree amplitudes

[BYT = 70t 70 ot p=:0 updates: Belle 1] [Detailed discussion: Charles, Deschamps, Descotes-G., Niess '17]
. . . . --- B—pp data (WA) B3 Combined
AS IN Previous edltlons: % --- Bonn data (WA) e CKM fit
- BY—(pn)° Dalitz data (WA)
— Average dominated by TR I VIR N
B — 7w and B — pp it T [T
N (R
— B— mm,pp agreew/ v find]  Eefi ¢ P
— B— prisintension (chestrr B\ T N

120 140 160 180

Gl ob@KMf+4# tme a s

a [°] 91.06  ,'=;

a [°] (meas. not in the fit) 91.28 Fad o

—0.88
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Update vy combination from LHCb Approachi nldlatciceir acy !
measurements LHCKEONRO02-202Z 1 i nk]LHG
o) fit combines dUbZCkhrapeafs
B

— 6 3 8 _|_3 . 5 decay D decay Ref. Dataset Status since
Y | — 3 . 7 Ref. [14]

B* = Dh* D — hth™ [29] Run 1&2 As before
B* — Dh* D— htr—rtr  [30] Run 1 As before
B* — Dh* D — K*ntrta~ 18] Run 1&2 New
) (o)
Improvement of about 10% B* = Di* D — htha [19] Run 1&2  Updated
ihili - P : BE — Dh* D — K$h*h~ 1 1&2  As hefore
@ Good compatibility with unitarity fits b posnl %32% g s eore
o) 3
Y CKMFitter = (65 5+11 B* - D*h* D hth [20] Run 1&2  As before
Itter — =~ _dd B* - DK** D — hth- (33] Run 1&2(*)  As before
3 . = : B* = DK** D— htr—ntn~ [33] Run 1&2(*)  As before
@ Tension between different B categories remains B* & Dhtrn- Do hth [34] Run 1 As before
(N 20_) B — DK*° D — h*th= [35] Run 1&2(*)  As before
B — DK™ D — btz ztx  [35] Run 1&2(*)  As before
‘ B" — DK*° D — Kirtn [36] Run 1 As before
q 1 T T T T I T B = DFp D™ — K~a*xt [37] Run 1 As before
B ) BY — DFK* Df — hthwt [38] Run 1 As before
Ll) i ' B’ %‘é]lzl_rlngalrz ]| BY — DFK*rtn~ Df — hth~wt [39] Run 1&2 As before
Y O 8 _' o October 2022 — D decay Observable(s) Ref. Dataset Status since
. B
i i Ref. [14]
- DY — h*h~ AAcp [24,40,41] Run 1&2 As before
- DY KTK- Acp(K+K_) [16,24,25] Run 2 New
0.6 — D" — hth Yor — yip ™ [42] Run 1 As before
i ] DY — hth~ Yor — ybe ™ [15] Run 2 New
i 1 DY — h*h~ AY [43-46] Run 1&2 As before
0.4 ] DY - K*x~ (Single Tag)  R*, (2/)?, o/ [47] Run 1 As before
L 68.3% | D" — K*7~ (Double Tag) R*, (/%)% y= [48] Run 1&2(*)  As before
fooessre s o] DY KEgFpta— (332 + yZ)/4 [49] Run 1 As before
- D" — Kintn @, Y [50] Run 1 As before
02+ DY - Kin*r~ xep, Yor, Az, Ay [51] Run 1 As before
= D" — Kintn Teps Yop, Az, Ay [62] Run 2 As before
- O DY = Kintr~ (u tag) Tep, Yor, Dz, Ay [17] Run 2 New

0

50 60 70 80 90
. : , Y [°]
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https://cds.cern.ch/record/2838029/files/LHCb-CONF-2022-002.pdf?version=1

Recent meas@rorieln/tos

B* — DOK* with D° — K*mmsm
@ Binned approach based on Improved

sensitivity to phase y through binning D decay
phase space [T. Evans et al. PLB 802 (2020)]

@ Maximise the sensitivity: on second bin largest
CPV ever observed!

o D decay hadronic parameters from CLEO-C
and BESIII

+6.0+0.6+6.7
(548 5.8-0.6— 43)
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https://lhcb-outreach.web.cern.ch/2022/03/17/magic-beauty-charmless-decays/

