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Anomaly hunting

* Presently the interest in heavy flavour physics, i.e.,

the physics of b, ¢ and 7 weak decays, is mainly

triggered by ‘anomalies’ or otherwise probing
models beyond the SM

 Anomalies, significant differences between the SM
theory expectation and the experiment, can hint at
new physics of higher scales (BSM)

« However, to be weighted by

 how challenging is to perform experimental
measurement

* role of theoretical predictions
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The facilities

(I will cover here )
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Comparison of B factories (1999-2010)
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The Belle 1l detector A

KLM Belle II
Instrumented flux return

Vertex detector
2 layers of DEPFET pixels (PXD) and['
4 layers of silicon strips (SVD) |

Vertex resolution ~15um
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| S2 (2026-27): §
| SKB IR upgrade }
VTX installation? |

Belle Il timeline

Luminosity projection
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LS1 (2022-23): #
i PXD2 installation and
{ other maintenance/upgrade |
t of detector & machine  §

* Super-KEKB already delivered the
world highest instantaneous luminosity

at an ete”™ machine
4.71 x 10°* cm™2s ! in June 2022)
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» Forward detector optimised for b and ¢
PIZ8121 icch: 600 tomnes B meson studies

~+\? Height: 10 m

The LHCb experiment

LHCb @ LHC (CERN): pp collisions

Length: 20 m d |
RICH —= » Huge b cross-section

Vert : o N | . . C e .
Locator TR ) — » Events with high multiplicity, reconstruction of

neutrals is more difficult

* Excellent vertex resolution (separation of
; | & weak decay products) and particle
Tracker _— identification (RICH)

Turicensis — lc\:d#onb
Dipole Tackin Hadron ambers

Magnet Stations Qs metor * 9/fb accumulated during Run 1-2 (2010-2018)

Run 1-2 detector

* Run 3 started in 2022 with an upgraded LHCb
detector



LHCDb integrated luminosity

—

Integrated Recorded Luminosity (1/fb
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0.2k

1.8

1.6

2022 (6.8 TeV): 0.82 /b
2018 (6.5 TeV): 2.19 /b

2017 (6.5+2.51 TeV): 1.71 /fb + 0.10 /fb

2016 (6.5 TeV): 1.67 /b
2015 (6.5 TeV): 0.33 /ib
2012 (4.0 TeV): 2.08 /ib
2011 (3.5 TeV): 1.11 /ib

2010 (3.5 TeV): 0.04 /b
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Test of lepton flavour universality



LFU in B - K¢

* |In the SM, all lepton flavours couple identically to the weak interaction
 Up to phase space effects, branching fractions b — e, u and 7 should be identical

» Pre-December 2022 situation — 3.16 anomaly in R:

] by o BB — Kuu) Signature of New
- E : PROSH032015] K B(B — Kee) PhySICS?
: Belle ,
. , 1.0<¢%*<6.0GeV7/c?

[JHEP03(2021)105]

LHCb 9 fb’! t A
——i : 1.1<4¢*<60 GeV?/ ¢4 ﬂ W/ / W
: [LHCb-PAPER-2021-004] b - - - b L L
| 1 1 1 1 i 1 1 1 1 | ' . W t
0.5 1 15

Ry
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New LHCb analysis of R, and R,.. (9/fb)

Method
(1 ee b — CCs
J/l,’(lb) / (ree
% 4T B(+ 0)_> K (+:%0) — % .
/ ) g /" charmonium
(28
RK K* Qa7 Qb qb dF(B(+ 0) N K(+ >|<O)6 )d ) L’_”/'l Y ( )
q I
q2 dg? dl’ T
dg?
hd A
 Simultaneous measurement of Ry and Ry in two q* low | L
bins with full available dataset central Co 75 C1p
« LHCb uses a double ratio to measure the R-ratio i —>
quantity to cancel out efficiency-related systematics q2 — mz(ff)
R B j:T/(B(+’O) _ K(+*O)ILL ,u_) %/(BH_O) N K(+‘*O)€+€_) ............... §K
WA= N (B0 5 K0 Jfh(— ptpm)) ) L(BHO) = KE) Jfh(— ete)) K
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New LHCb analysis of R, and R,.. (9/fb)
Low ¢’ region (0.1 to 1.1 GeV?)
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New LHCb analysis of R, and R,.. (9/fb)

Results
- LHCDb Rr  low-¢> = 0.994100%2
N 1 +0.090 +0.029 ; 1.4 ¢ —0.087
lo\\r_qQ RK = 0.994 —0.082 (St&t) 0.027 (S\ St) : 9 fb_l Ry central- q = 0. 9—19+% %ig
R+ = 0.927 20087 (stat) T ggs (syst) . Rie  low-g? = 09275008
L . central-g2 — 1.027+0.077
, Ry — (.949 +8 83? (stat)+8'8§§ (S}v’St) ! R+ central-¢° = 1.0277 5573
central-g 0.072 +0.027 : '
Ry« = 1.027 To65 (stat) [y gaq (syst) = 10k +
N .
Q: . }
low-g> : g*?€[0.1,1.11GeV?/c* : ‘
central-g* : ¢ € [1.1,6.0] GeV?/c* 0.8
_ t gﬁta P =1.6,p=0812 0 =0.2
* Most precise LFU test, all four measurements are 0.6 F
consistent with the SM (at the 0.20 level)

> Rg+low-¢° Rp-+ central-¢°

[LHCb-PAPER-2022-046, LHCb-PAPER-2022-045]

: Ry low-¢> Rj central-c
— the Ry anomaly is gone K lOW-q" ]

* Note that LHCD still sees significant anomalies in b
b — suu (branching fractions and angular distributions) C
[LHCb-PAPER-2020-041, LHCb-PAPER-2021-014]
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LFU testin B — DUYr1

Long-standing 3¢ tension in R(D*) and R(D)
New LHCDb results in both muonic [LHCb-

PAPER-2022-039] and hadronic tau decays [LHCDb-
PAPER-2022-052] (in preparation) reported in Dec/21

and March/23

word of Belle I, however

T
W~ v,

b > > C

d —< «— d

This anomaly is still alive, waiting for the

0.4

R(D*)
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0.25

0.2
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B(B — D) rv)
B(B — D™ /(v)

R(D™) =

({ = e or p)

m Ay* = 1.0 contours
Prelim. 2023

BaBarl2

Bellel5

- - — —
- -
—~

/
\LHCbZZ

LHCbH23 ..

® h N ~ ‘|
I 4 ~~-Belle19 )
Bellel7 PRD 94 (2016) 094008
PRD 95 (2017) 115008 World Average
4+ HFLAV SM Prediction ~ JHEP 1712:(2017) 060 R(D) =0.356 +0.029,
R(D) = 0.298 = 0.004 PLB 795 (2019) 386 R(D*) =0.284 +0.013,

||||||I"I_|_I_I_I||||I||||

A PRL 123 (2019) 091801 =-0.37

R(D*)=0.254£0.005  pgpjc 50 (2020) 2,74 1‘3( 2) = 25%
PRD 105 (2022 034503 | Xl R | |

1 | | | ] 1 | | | | | ] [ | | | | | | ] 1 | | | | ]

02 025 03 035 04 045 05 055
R(D)




Other tests of LFU

Light lepton flavour universality

B(B —» Xe™v,)
Kem) = B> 29,

= 1.033 + 0.010 (stat) + 0.019 (syst)

Submitted to PRL [arXiv:2301.08266]

* Most precise e — i universality test
using inclusive semileptonic B decays
in the region pfj > 1.3 GeV/c

* Consistent with SM expectation
within 1.2¢ [JHEP 11, 007 (2022)]
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Other tests of LFU

Angular observables In B - D*/v

ar\ —*

dw

Az (w) =

with x = cos 6, for Agg, cos 2y for S5, cos x cos Oy, for Ss,

L.

d“T’

d

sin x cos Oy for S», and sin 2y for Sg

v dwdx

[Ldt =189 fb~!

Belle 11 (2023)

ArB | — -~ Shlsh g
Wincl. —W —_—— 2@% ‘ Wlow —%
o . Wincel. :
kS"3 . e— b — SM —
) || —— — w7/ Belle (2023) ——
P : 4 Belle II (2023)
SS . : S [ ] Bobeth, et al.
R N— —_— S N——
57
S .
1 I 1 I I 1 | I ] I I 1 I ] I I 1 I ] | I 1 1 ] 1 I | I 1 | I I I | I ] I I I ] 1 I 1 | I I I I 1 ] I I I I I 1 [ 1 | I 1 I I 1 I 1 ] 1 I I 1 ] I I I 1 I I 1 I
—-0.2 —-0.1 0.0 0.1 0.2 —0.2 —-0.1 0.0 0.1 0.2 —-0.2 —-0.1 0.0 0.1 0.2
e Ae 14 — AM __ A€
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Search for lepton flavour violation aiimiseresentea at 90% ot

New Belle results for the LFV modes 7 — ¢y, B - Kt and B, = 7

Py v [JHEP10(2021)019] B—K1l [arxiv:2212.04128] B.—IT [arXiv:2301.10989]
W] 930 fh1: 912 M 1t 711 fo-1: 772 M BB 121 b~ '@Y(5S): 16 M B,B,
Belle T—>LLY e Iy . .
2 O T * L ook at t recoil mass » Tag B, with B,.— D Xlv
I-I<J1002—"'..‘— o 12 —e— Data o 3.5F
Pt e % - Signal (90% U.L ) % i3 aﬂB et [mew
oo iR 4 2T R 8 .o | [P
BRI TR 30 | LS
S -5 I I I S 5
Ce s :EE?D n-: > x it - T T S 1
001 . ¢ ' e.otos-gt™ 7Y ] Al § 9 : T
SERSSEEEEEIVESSNLE: | T 5 o5 \
008, Lt e =226 s 2 27 24, P, (GeVic)
1.7 1.75 1.8 ¥ 1.;3(% eV/cg]'g M. (GeVicT) B(BS —)GT) <14 1 ><10—4
A B(B*—>K*t*u~) < 0.59x105 B(B.—urt) < 7.3x10
B(tuy) <4.2x10°8  SERTI) <0.9970" B(Bow) < 7.9
3 <5 Bx10-8 (B*>K*t'e™) < 1.51x » First measurement of B.—»ert
(t—>ey) < 5.6x B(B*—>K*tu* ) < 2.45x1075 . 5
£ str it of B (B Kha* ) < 1 10-5 B(B.—ur) < 3.4x10™ @LHCb

Other recent LHCb LFV test results: [LHCb-PAPER-2022-021, LHCb-PAPER-2022-008, LHCb-PAPER-2022-008] %
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Test of the Cabibbo-Kobayashi-
Maskawa mechanism



Cabibbo-Kobayashi-Maskawa quark mixing

d’ d v@d Vs v&b
s" | =V [| s Vekm = | Veda Ves  Vep
X b Via Vis Vi
P - viv —
u C t VVI = V'V =1
A A i « The weak interaction down-type doublet partners are a
mixture of the mass (flavour) eigenstates described by
the unitary Cabibbo-Kobayashi-Maskawa (CKM) matrix
Y 7 7 « The CKM element magnitudes squared determine the
d q b rate of quark flavour transitions in charged current

processes

-/

g +
—‘CW:: — E L ’Y“ (VCKM)’LJ dLj Wu' + h.c.
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C'P violation

Wolfenstein parametrization of Vi

1—\%/2 A
Vokv = —A 1—)\2/2

A,\3() — AN?

» However, V~x\ also contains a complex phase, responsible for all CP-violating
phenomena in the quark sector of the SM, and consistent with observations in K, D
and B meson decays so far

 New physics would typically disturb the SM pattern of CPV

21



The CKM unitarity triangle

...and how to probe it with B mesons

CPV in B — ntm, pp, p7T

B — Xlv (p.M)
Vi Vu}; =9, th Vi
Via Viy Via Vi
= B=9,

0,0) '\%0)

CPV in B — JAYK,
B-/+ — D(*)K(*)-/+

22
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_excluded area has CL > 0.95 I %

UTfit |
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3

>
:3‘;’5. (
NNy
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a
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=

0.5
Amy

= 0.0

fitter E sol. w/cos 20 <0

Spring 21 : (eXCIatCL >0.95) —
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Mixing-induced CP violation in B decays

. BYand BY decay to a common CP eigenstate fp

» There is a non-vanishing CP asymmetry as a function of the

decay time difference Af,

['(BO(At) — fp) = T(BO(At) — fop)

Acp(At) =
CP( ) F(BO(At) N fCP) + F(BO(At) —> fCP)

. For B — J/yK,, S = — Esin(¢h;) and A = 0

Flavor-tag
<o (B0 or B0 7) Fer~S0%

Belle II

24

= S sin(AmAt) + A cos(AmAt)

S : mixing induced CPV
A : direct CPV (=-C)

measure position instead of time

0.35
os |
0.25
0.2

o.15 |
0.1 :-

0.05 |




CP violation in B — J/yK

e Belle result

Candidates / (0.5 ps)

Asymmetry

200

150 |

O

O

-

[—
1 1 1 1

N
-
1 I 1 I I

)
I I 1 I I

sin(2¢,) = 0.667 + 0.023 + 0.012
A =0.006 + 0.016 + 0.012

[PRL 108, 171802 (2012)]

o
1 l I I I 1

-

" Belle II (Preliminary)
- [Ldr=190 fb~!

lllllllllllll

* First measurement by Belle Il is done with 189/fb

o Statistically limited

sin(2¢,) = 0.720 + 0.062 + 0.016

+0.047

[arXiv:2302.12898]
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CPviolationIinb — s

b—c (B — J/y K?) ' b—s (B — ¢K°, n’KO) ﬂ

Jhy B |
Ko/K,

N L :

eff
 Inthe SM, § = — &sin(2¢,) forb — s Sm(ZB ) = _ Sln(Zq) )pg;!l

| | b—sccs EWorld Average o { 070+002
» However, NP could cause this to shift ok Avbrage *O s

n'K®  Average § 5063+006

* The theoretical uncertainty in the SM depends on ; .
083 + O 17

the final state (KK K., K", n’K") are cleanest K Ko K AVQrage-.-.-.-.-.-.-.-.-.-f-
K° Average ; 057+017

16 14 12 1 08 06 04 02 0 02 04 06 08 1 12 14 16
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Candidates / (3 MeV/c?)

QD

Belle 1

— @K, at Belle 1l (362/fb)

+
1601.11"_)¢KS~ . 50 — _>¢KS. — 150 —— ..B#_)qﬁK
4o Belle Hl (Preliminary) mm B-¢K? _|_ Btag q= _,_1) Belle Il Prehmma:y _ -+ Bi, (g=+1) Belle Il Prelnmmar;;:
[ cdt =362 -1 50K KK o 40F B, (q=—1) [cdt =361.6 b1 : a 4+ B, (g=—1) [rcdt=361.6fb" :
120 [ ——+—— gqtbackground: 8 a0 8 100 | _
I ata _ . - _ !
o * | 82 AN . 2 |
80 [ 162+17 events * | = A \ = 90|
: Al W 10 ‘/ %\ - L I
o R = ; |
ol ) . og = — e —— . og -
3 1 © 7}
20 Mﬁ“ f + Hﬁﬂ\# E 00 E 00}
> > i
c5).20 522 524 526 5.28 <((D -0.5 gf’ -0.5
My [GeV/c?]
At [ps]
+0.06
» Consistent with BaBar/Belle average | S =0.94£0.26 _g g _
S=-0.09+0.12
A=0.31+0.20 99
> = e -0.06 A=0.12+0.10
e Ay S=074 o (control sample)

A=-0.01+£0.14
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CP violationin B, = ¢¢

Run 2 results

LHCb-PAPER-2023-001 '

Polarisation independent Polarisation depe¢ 1dent
¢>** = —0.042 £ 0.075 & 0.009 rad Aol = 1.02 4 0.17 bso = —0.18 % 0.09 rad
‘ )\| —  1.004 + 0.030 + 0.009 AL /Xo] =0.97+0.22 @5 — ¢s0=0.12£0.09 rad
T T T A/ = 0.78 £ 021 ¢51 — pso= 0.17+0.09 rad

 Combination with run 1 —

¢§§S = (—0.074 £ 0.069) rad Run 1 +Run 2,9 fb’ LHCb Preliminary
‘/1 ‘ = 1.009 £+ 0.030 Run 2. 6 fb = SM prediction

. .
In agreement with SM Run 1 + 2015 + 2016, 5 b [17]

* No difference between different polarisation states Run 1.3 57 (16
un i, .

e Further recent LHCDb result: 7; of B, = J/yn 2011, 185 [15] . .
(stringent test of consistency between direct

measurements of | Al | and those inferred from L |

effective lifetimes) [LHCb-PAPER-2022-010] ™ [rad]

28
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B — Kr

Gronau sum rule

- Rare decay with relatively high branching fraction ( ~ 10™°)

* Tree and penguin contributions (direct CP violation)

 The sum-rule provides precise prediction of the relation of the
branching fractions and Ap [M.Gronau, PLB627 (2005) 82]

K= K 0_+ B KO+ T BO
]er — »AC‘%*PAT T AéPW

QA[(‘}'WO B[Xf‘l‘ﬂ'o TBO 2 B[(“?T()
— CP
Br+x- T+ Br+r-

« [ is predicted to be 0 within 1%, Belle Il can measure all observables
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1750 F i
- Belle Il (Preliminary) -=== B K*nm~+c.c. 120 |- Belle 11 (Preliminary) ---- Signal
B é E 71' S 1500 :‘fL dt = 360 fb~! mm B’-ntn +c.c. IfL dt =360 fb~! B BB background
O 1250 F W Background 2 100 B Continuum background
from Belle ll Z | 3
© 1000 @) - + BO 0,0
= _ — ‘ — Kt
~ 50f BO —> K+TC g 60 |
2 g
o 500¢ @ 40
O i @)
250 20
S 5 2
Q. ' IR N SN SN (SN TR T AN SN (SN TN TN SN SN AN TR TN N SN AN SN T R SO SN S T S Q'_Z'S....1....11..11.1..1....11...
—-0.10 -0.05 0.00 0.05 0.10 0.15 0.2 -0.3 0.2 0.1 0.0 0.1 0.2 0.3
AE [GeV] AE [GeV]

- B(B°->Kn0) = (10.16 + 0.65 + 0.65) x106)

 Combining time-integrated and
time-dependent measurements:

* Consistent with SM prediction (0)

« Competitive with current world average (—0.13 = 0.11)
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¢, /y status

Combination of results on B — DK processes to constraint ¢;/y

-l

| I |
LHCD -
Preliminary -

October 2022 —

' [PRD 87, 052015 (2013)] |

=069

17ye ;'
0.6

Illllllll

04

~ LHCb combination:
' [LHCb-CONF-2022-002]
| y = (63.8"3'5)0 ,

0.2

—3.7

50 60 70 80 90
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CKM angle ¢;/y
BPGGSZ method (binned model-independent) [Phys.Rev.D68, 054018]

» (),/y is the phase between b — u and b — ¢ transitions

* The interference between these two diagrams gives access to the amplitude ratio,
which contains ¢»/y

27N

B~ [f1pK™

N/

favored

\ DO

U

suppresse

S
d ’(_[, u::K—

32
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CKM angle ¢,/y
BPGGSZ method (binned model-independent) [Phys.Rev.D68, 054018]

 Jo observe interference, we need to reconstruct DVin a self-conjugate mode

 Jo avoid model dependence, the strong phase difference between the DY and DY
decays is taken from CLEO/BES lll measurements

D - Kdnm* D KJK'K*
o 2 °% T4 gl o
N o o - O
o5 - 2 (e 72) = 73 (cos(r + ), siny + )
O, o 6 - (,_%' 1.6 — ¢, s: Do-DO strong phase differences (inputs from BES IIl/CLEO)
;":m | 50 v | 0 i - '
%] . ci%w-l 4 F.: fraction of D decays to i-th bin
E . B N _ N
1 3 12 N:- = hg [Fz + r%Fz + 2\/Fze(sz:: + Siy::)]
0.5| 3
' 1
1

05 1 15 2 25 3 1 12 14 16 1.8 1
m2 (K'n*) [GeV?/c’] m? (K’K*) [GeV?/c’]
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JHEP 02, 063 (2022) [arXiv:2110.12125]

e 711/fb of Belle and 128/fb of Belle Il data

. Using both DV — Kgﬂ'+ﬂ_ and

DY = KSKJ“K_

* Yields extracted in simultaneous fit to

B— DKand B — Dnr
(misID rate determined from data)

Signal yields:
Belle:

Belle Il :
K{nn: 1467 £ 53 Konnm: 280 + 21

KJKK:194+17 KJKK:34+7
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300 —+— Data
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200 E B
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Belle+Belle 1l measurement of B - DK

01 -0.05

DY > KSK*'K_

oF e | o
B = D B — Dn

“
v
‘e
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Belle+Belle Il measurementof B — DK
JHEP 02, 063 (2022) [arXiv:2110.12125]

» Simultaneous fit in Dalitz bins to extract CP observables (x,, y, ) which

contain rg, 0g and ¢;/y p——
ogl’] = 124.8 £ 12.9 (stat) £ 0.5 (syst) £ 1.7 (ext) QB%

—
D
| 1 I 1

Belle |l

rgK = 0.129 £ 0.024 (stat) = 0.001 (syst) = 0.002 (ext)
y['] =78.4 £ 11.4 (stat) = 0.5 (syst) = 1.0 (ext)

—h
N
LI

—=— BPGGSZ

* To be compared to LHCD’s Y = (68.7+52)°,
result using the rDE* — ().0004100077

same method and channels | sox* — (118,355
[JHEP 02 (2021) 169] rB7™ = 0.0050 % 0.0017,

—=— GLW + BPGGSZ

Y sensitivity [°]

(o)) (00
1 I L

S
1 ] 1

§E™ = (291124)°. 2 4 6 8 10
Luminosity [ab]

e
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Semileptonic B decays

Determination of the CKM elements |V, | and |V, |

« SL B decays are studied to determine the CKM
elements |V_, | and |V, |

» | V.| are limiting the global constraining
power of UT fits

* Important inputs in predictions of SM rates
for ultrarare decays such as

B, — uvand K — muv
 The determinations can be
 Exclusive — from a single final state

 Inclusive — sensitive to all SL final states

36

E_
W _
Vab Ve
)
q
u
A" o< G%|Vip|? | L4 (X |Gy, Prb| B’
x G%| Vb ‘ u(X|qv,PLb| >‘
Experiment Theory
8 — Dlv. D*[v Lattice QCD,
Exclusive |V | ’ light cone sum
(low backgrounds) les

Inclusive |V |

B — Xlv
(higher
background)

Operator product
expansion




Experimental status |V, | ana |V , |

L] o e B e B B B B « Determinations of both |V, | and
S 46K Exclusive V| Ax =10 Contoflfs = o _ cb
= g b — maen, e | V . | exhibit a discrepancy at the
Z 4af e = level of ~30 between exclusive and
4F o : inclusive
38F J =
3.6 %L E * The current experimental focus is
3 e E on understanding the origin of this
32; “HrLAY B discrepancy, as this inconsistency
L oF ] limits the power of precision flavour
) NS NI T hysics
36 38 40 42 44 p y
V.1 [107]
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B° — D*~¢*v at Belle Il (189/fb)

BGL fit result, truncation order determined by Belle Il Jeat=1e03m Belle 1l Jeat180.3m7
: [ BO-» D17, 16} BO—»D"+1 -V,
Nested Hypothesis Test [Phys. Rev. D100, 013005] o = 14 o
- g > +'*'i++ © ol T
Values Correlations X~ /ndf 7 aof ++ & 10} ++
5o % 10 89005 100 026 027 007 X/ o= B I
bo x 10> 0.54+0.01 0.26 1.00 —0.41 —0.46 10/31 S 20} N g
. T | . iy
b, x 10° —0.4440.34 —0.27 —0.41 1.00 0.56 1o o N e | ° 2
5, 210" —0051008 007046 056 180 L o 1 T R S v S e Tt o7 G o 050 07
w cos 6,
. Belle Il [cdt=189.3707" Belle I [dt=189.3b1
_ [ B°=DTY 5 BO-D +1-,
3 O S
5 15 G 4f —4— —4—
T i+ ++ R =T —— &
— ._ —— S 3f ,_9_,—6—1 +
X —— x
<§ °f +~—0—c WS- ci(;'z;
S 6f S |
2 21
Vsl FL) — 1 |bo| LQCD data at zero recoil S 3} s
e vmpmip= \ Pr(0)¢(0) F(1) = 0.906£0.013 g e T N B - R b L L s e S S S——
// cos By X
- -3 B
= * + + %
Ivc:b'BGL (409 = o'3stm‘ . l‘osyst = O’6theo) 10

To be submitted to PRD

LQCD used only for normalisation at zero recoil (w = 1)
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WA values [HFLAV 2021]

Belle | | Vcbl and | Vubl Vol = (39.10 £0.50) x 1073

|Vl =(4.19%0.17) x 10~

 Recent Belle |l results on exclusive decays

|V, | X 10° Reference
Belle I B = D"~#*v untagged 409 = 1.2 (BGL) e 1o be submitted to PRD
Belle II B" - D™ ~¢*v tagged 37.9 £2.7 (CLN) m [arXiv:2301.04716]
Belle II B - DZv untagged 38.28 £1.16 (BGL) m [arXiv:2210.13143]
|V, | X 10° Reference
Belle II B — rev tagged 3.88 + 0.45 [arXiv:2206.08102]

Belle I B — z£v untagged 3.55+£0.25 [arXiv:2210.04224]
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[V.,| and |V | at LHCb %

|V, | x 103 reference
cb

B, D,(*) u+ v, 41.4+0.6+0.9+1.2 (CLN) Phys. Rev. D101 (2020) 072004
B, D" wt v, 42.3+0.8+0.9+1.2 (BGL) Phys. Rev. D101 (2020) 072004

From the LHCb direct measurement of |V, ,|/| V| and using the world average of exclusive measurements
IV, |=(39.5+0.9) x 103

| elaes ) referece
BO,>K- i+ v, 2.40+0.16 (q2<7 GeV2/c?) Phys. Rev. Lett. 126 (2021) 081804
BO,> K- u+ v, 3.74+0.32 (gq2>7 GeV2/c4) Phys. Rev. Lett. 126 (2021) 081804
A%Dpu-v, 3.2740.23 Nature Physics 11 (2015) 743
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https://doi.org/10.1103/PhysRevD.101.072004
https://doi.org/10.1103/PhysRevD.101.072004
https://doi.org/10.1103/PhysRevLett.126.081804
https://doi.org/10.1103/PhysRevLett.126.081804
https://doi.org/10.1038/nphys3415

Summary and conclusion

| HCb and Belle Il will improve present SM constraints in the flavour section

 While we have seen the demise of some anomalies in the past year,
others are still present and the experimental situation needs to be clarified with urgency

e Test of the CKM mechanism

BaBar
0.1 <¢?><8.12Ge\

[PRD86032012]

Belle

, 10<4?<60GeV/ct
[JHEP03(2021)105]

LLHCb 9 fb™!

1.1 < ¢*><6.0 GeV¥/c
[LHCb-PAPER-2021-004]

0.5

1.5

R

R(D¥)

0.35

0.3

0.25

0.2

» Tests of lepton flavour universality/violation

‘ Prelim. 2023 \

Bellel5

- - —_

LHCb23 ..
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PRD 9 08
4 HFLAV SM Prediction ~ JHEP 1712:(2017) 060
_ PLB 795 (2019
R(D) = 0.298 =+ 0.004 o
(

World Average -
R(D) =0.356 =0.029,_, —
R(D*) =0.284 0013, —

)
Moo aes T o =037
L1 1 I L1 11 I L1 1 1 I Ll I(I ] L1 1 1 I L1 11 I L1 11 I L1 11 I Ll
0.2 0.25 03 0.35 04 045 0.5 0.55
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Untagged vs. Tagged

Tagged:

B, and B,,, are reconstructed

to take advantage of Y (45) kinematics

Untagged:
only B, is reconstructed

high signal yield (+)
high backgrounds (-)
poor neutrino reconstruction (-)

signal yield O(103) lower (-)
low backgrounds (+)
good neutrino reconstruction (+)
tag calibration (-)
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Simultaneous fit Ry ;-
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Simultaneous fit Ry ;-
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