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What 1s flavor

physics?

1 Flavor physics is the physics
that distinguishes the 3
generations: in the Standard
Model described by the
Yukawa Lagrangian
(fermion masses and
couplings)

 Definition of heavy flavor is
a bit fuzzy [t-quark 1s the
heaviest and generally 1n 1ts
own category |
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O Emphasis of this talk
— and time span 1s
LHC era

O FCC-ee covered by
R. Novotny

O Super tau-charm
covered by H.P. Peng




Fermion masses

1 TeV ]
| Leptons Quarks !
1GeV| ’ o !
3 ™ ®
1 MeV' ° ? !
Three light v’s
summed masses
1eV| 0.04-0.3 eV
[ ° o
o

5/27/2022 M. Artuso FPCP 2022



Mixing matrices

Lepton sector: Pontercorvo-Maki-Nakagawa-

Quark sector: Cabibbo Kobayashi Maskawa matrix Sakata matrix
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Flavor physics as a tool for discovery

dNew physics manifestations in flavor physics = new
couplings or new forces

Tree diagram example Loop diagram example: B — B mixing

, e, U T -
X Y K b s b W s
- v 5 t,c,ul : |t,c,u5 .t t
q S !

)F -
coru % ,f,+<—
—‘\Y q W HZ

While all flavors are interesting, the following discussion will focus on b-flavored hadrons, with a very brief

excursion into charm
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A tale of many scales
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Experimental methods
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ete” colliders

b and ¢ hadrons, T decays

5

Belle I

K-Long and muon detector: )

Resistive Plate Chambers (barrel outer
layers); Scintillator + WLSF + SiPMs (end-

EM Calorimeter:
Csl(TL), waveform
(barrel+ endcap)

, [ 0 ation TOP (barrel)
Ising Aerogel RICH (fwd)

electrons (7 G€V

Beryllium beam pipe
10 mm radius 4

Vertex Detector
1—-2 layer PXD + 4 la .
positrons (4 GeV)

Central Drift Chamber
He(50%):C2Hs(50%), small cells, lo
lever arm, fast electronics
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Hadron machines

Rare K decays
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The future of K physics

Rare K decays well known theoretically, their experimental

study key for SM checks, possibly NP opportunities

CERN

Integrated programme with high-intensity K* and K. beams proposed to run until ~2039
support from European Strategy (CERN-ESU-014)

”‘62 Kt — n*tvp at ~5% in
! b 5years 2{ 400 GeV/c protons on Be target s STRAW _'"—c\—':loausz

1 Iron
__ (—r—mﬂfﬂw_'i wc| lI%en,
» X 4 intensity ~7x1018 pot/year Target KTAG GTK :
o ——{-aammant CHANTI Vacuum ‘ ] i i SA.C
_ L] s I“
‘ IR¢ Dump

[m]

» Maintain key performance at high rate: 3

space-time reco., low material, photon effi. =
. i = | acmiyooem  — R = 7w
* Much improved time resolution to keep Seconcary:bsam 9 '
random veto rate under control o 160 150 250 w o

LAVi6-21  LAV22-25 }‘EC

K, — z°vi with ~60 SM

”l[m events in 5 years I = skl 7
; ___,_.._‘-—'—"‘—'——-
* X 6 intensity ~1019 pot/year . E l l i l l I { ::-—---._______ d
7
* 2y with unbalanced py + nothing else l f o 2y o -
0 PSD 241.5m

* Optimise beam line to suppress A — nr 80m from target 130 m 170m

R&D - GigaTracker <50 ps (LGAD, 3D, 28 nm), KTAG <20 ps (MCP PMTs), new Straw Chambers
- New calorimeter: Shashlik with longitudinal information
- Small-angle photon veto: compact Cherenkov calorimeter with oriented crystals
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BR(K* — ntui) = (8.62+0.42)x10-11

BR(K; — n’vi) = (2.94+0.15)x10-11

Buras et al., 2109.11032

J-PARC

Extension of hadron experimental facility in discussion, with increased beam power

O #step2 K — 7'vi with ~35 SM
' ) events in ~3 years

» X 2.4 beam intensity
» Expand fiducial volume

* Profit of KOTO experience to reduce bkg
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30GeV Sweeping magnet - L Experimental area
Proton ¢~/ & Tiivs T —————_ 5degree
— — — s __?—‘
., e —— ] J .
T2 target 1st collimator [ ‘_?_—_ﬁ SR i
2nd collimator I S
Another magnet at most downstream E Sakuma, J-PARC
review, Aug.’21



Advantages of e+e- machines:

O Simplicity of initial state
L Good photon-nt® reconstruction
U High flavor tagging efficiency

Advantages of experiments at LHC:

O High statistics, lots of flavored hadron species.

[ Boost of the beauty and charmed hadrons and excellent
vertex detectors allow precision measurement of the
vertex topology information.

On the other hand: Dedicated flavor experiments feature excellent hadron

O Lower cross-section identification

O At the Y(4S) only B® and B*
O High luminosity challenging

5/27/2022

On the other hand:

L Development of clever
trigger strategy needed
(now LHCD is poised to
implement a purely
software trigger!) needed

U Lots of particles, pile-ip

5.2. 2013 5:30:36
Run 136734 Event 3832870 bld 1424
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New Detector

Vertex Detector,
Sllicon Pixel

New detector
Sllicon Strips

New detector

Tracking Statlons,
Scintlliating Fibers +
SIPM

Calorimeter,

Muons, New electronics

Magnet

reduce PMT galn

new electronics MS

M3

replaced HPDs

New Photo detectors, new optics |Remove first Muon Station |
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LHCb Upgrades
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N B VELO better hit resolution and

+ Upgraded Trigger and DAQ

simpler track reconstruction
(smaller pixel size), less
material

B> SciFi for track reconstruction
after the magnet region thus
providing measurement of the
particle momentum

P UT downstream reconstruction
of long lived particles
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decaying after the VELO. It will
be also essential to improve 2010
the trigger timing, and the

momentum resolution

Upgrade |

* Lpeak = 2x1033 cm—2s-1
* Lint = 50 fb-1 during Run 3 + Run 4

* LHCb 50 fb-1: healthy competition
with Belle Il at 50 ab-1
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2020 2025 2030 2035

Upgrade 11
Lyear = 1.5x103*cm 2571
L, =300fb1

Year

11

Integrated Luminosity [fb™']



LHCb Upgrade I

Side View gcaL HCAL

Magnet Seifi  RICH2

RICH!
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5TB/s
30 MHz non-empty pp

FULL TB/s
DETECTOR

READOUT

PARTIAL DETECTOR
RECONSTRUCTION

& SELECTIONS
(GPU HLT1)

All numbers related to the dataflow are

taken from the LHCb

rade Trigger and

nline TDR

Upgrade Computing Model TDR

M. Artuso FPCP 2022

No longer using
hardwarer trigger!

REAL-TIME

ALIGNMENT &
CALIBRATION

0.5-1.5
MHz

—_

70-200
GB/s

v
 J FULL DETECTOR

RECONSTRUCTION '
& SELECTIONS 10

(CPU HLT2)

GB/s

P 1.6,
(VU] \GB/s
EVENTS

>
26% 5.9

FULL
EvenTs [l
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LHCDb Upgrade II: steps so far

Expression of Interest Physics case

L e

Physics Case — ey
for an @) "‘
LHCb Upgrade |l 7 -

CERN-ACC-NOTE-2018-0038
2018-(8-9

Tias Eftbymicpoalosdcem e

LHCb Upgrades and operation at 10~ em- s luminosity <A first study

sy ent 400665

Keywords: LHC, HL-LHC, Hilemi LHC, LHOb, Mips.//indico.

Opportunities in lavour physics,
and beyond, in the HL-LHC era

Expression of Interest

CERN-ACC-2018-038

LHCC-2017-003 LHCC-2018-027

CERN Research Board he recommendation to prepare a f(amework TDR for the
LHCb Upgrade-Il was endorsed, noting that LHCb is

September 2019 .
expected to run throughout the HL-LHC era.

European Strateqgy Update 2020 "The full potential of the LHC and the HL-LHC,
including the study of flavour physics, should be exploited”
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LHCb
UPGRADE i

Technical Design Report

LHCC-2021-012

Approved March 2022
R&D programme followed

by sub-system TDRs
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Belle II Upgrade(s)

Starting to achieve Super B-factory performance levels.
Int(L dt)/day =2.4 fb//day (May 18, 2020)

Int(L dt)/week =15 fb-1/week

Belle Il Online luminosity

Exp: 7-25 - All runs
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Medium term plans

B factory reference values:
KEKB (1.48 fb-/day); PEP-11 (0.911 fb-/day);
KEKB (8 fb'/week); PEP-II (5 fb1/week);

Int. Lumi (Delivered)

[fo-']
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2000
1000

0
20/4/1

510fb-!
480fb-!

Target
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26/4/1
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SuperKEK-b /Belle II program

 Machine consolidation in 4 steps:
Q Intermediate luminosity (1.2x103°cm™2s71,
S5ab1
Q High luminosity (6.5x103°cm™2s~1)+
detector upgrade
O Polarization upgrade (advanced R&D)
Q Ultra-high luminosity (4.0x103%cm=%s71,250
ab1) R&D project
1 Now on “Phase 3”: luminosity run with complete
detector:
1 Pixel detector layer 1+ only 2 ladders in layer
2; full 4-layer strip detector
1 New and difficult accelerator, peak luminosity
~4x103*cm~?%s1
Q Path to 2x103°cm =251 identified
3 still large factors to reach 6.5x103°cm 2571

5/27/2022 M. Artuso FPCP 2022
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Interplay between theory and experiment

1 The importance of the hadronic matrix element, example: semlleptomc
decays.

e, U T vertex o« Vb m
b W v In reality
e, — @
. . q
theoretical pillars:
UInsight provided by effective theories [HQET]
DHeavy quark expansion [HQE] I‘sl(B)_lg Vol z0(25) |1 2:12 <B|1_)(2ifffb|3>+a,2;g (BIE(Q;g;;fnublB)

. 1 (BJb(—LDE)b|B) = 327 (B[b7(1—7s)c&i(1—75)b| B)
Inclusive processes A +zolg e+

(1)

Progress in lattice QCD calculations [and having the resources to exploit the
new computational techniques developed]

5/27/2022 M. Artuso FPCP 2022 16



How far can the Standard Model
g0?



Quark Mixing & CKM Matrix

The charged current couples

- e, U, T :
\ v W _ Tree level diagram —
the "up-type quarks” with a b ,‘év SM dominated (with

qa some possible

linear combination of "down- q

coru
Y —(\Y _ caveats)
type” quarks q

dDescribed by CKM matrix [unitary matrix]
( (

Vi Vi Vo 1-2%/2 Ao AR (p-in)
V(g_;f Vi Vi Vo |7 ) 1-22/2 x> |+O(x)
v v ) | 4 (-pmi) A I

A=0.225, A=0.8, constraints on p & i will be discussed
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Unitarity constraints: the triangles

ds . uc .
VCd VCS A_\V V * VUdVCd
udV us VsV

5/27/2022 M. Artuso FPCP 2022 19



The reference unitarity triangle

Triangles depict

unitarity
constraints

Note 0L=(|)1, ﬁ=¢29y=¢3

5/27/2022 M. Artuso FPCP 2022
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The reference unitarity triangle now

M. Valli
= *** ie, uging congtrainte from tree-level procesees only ***
p = 0.161 £ 0.009 ~ 6% h—> ¢
7j = 0.344 + 0.010 ~ 3% = oo ree-only UTA
L = 7 = 0.168 % 0.025 ~ 15%
~_ 200MED-IN IM UTA 1[— tree-ont 7= 0.374 4+ 0.029 ~ 8%
{ ' - Y
‘ W2
508
0.4Z
|
02f - p = 0.161 +0.009 ~ 6%
g Vel = 0.344 4 0.010 ~ 3%
0—0.2 0 0.2 04 0.6 0.8 1 1.% SM UTA
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Old tensions to be resolvedﬂ_

ub

S(V 1)

08025 0.003 00035 0.004 0.0045 0.005 °

IV 1
ub

X = |Vub|incl><103 = 4.32 i 0.29

= [Vyploxe: X103 = 3.74 + 0.19
+= |VyuplaveX10% = 3.89 + 0.25

v Inclusive:
vertex « Vyp IZm
recor.lstruct el Exclusive:
physical property reconstruct

See M. Valli, F. Bernlochner presentations

integrated over
hadronic final
states

the hadron in
the final state

A multidecade puzzle:
both |Vub| and |Vcb|
determination encompass a
persisting tension between

the values extracted from

ol 0T 0T QUETOTORs ot inclusive or exclusive fina

. state

X = |Vcb|l~ncl><103 = 42.16 i 050
*x= |Vcb|excl><103 == 394‘4 i 063
+=|Voplare X103 = 41.1. +1.3 22



1-5 T TT T T 17T L T TT T T 1 T T 7177 ° ° ° °
maincion] . The K input to the reference unitarity triangle
e :_ ' _: - 4+ 11 |V(‘h| B 7 0.74
o ] BRK* — V) = (8392030) x 107" | | [73 20]
- Phase 2 - . .
: 5 hase 1 /: o e l/:
00 [ g = 1 BR(K; — n'vv) =(3.36+0.05) x 107" '
- ; ) IVl ()
- ; 8 2 2 . 2 8%
osF - MVl |7 [ Ml |7 f_siny -
: : 3.88 x 10 0.0407 sin73.2°
1.0 , .
D Pro:spective study on rare Kaons ]
15 NI T U VT T T i S S L sy MY I NAGZ
40 05 00 05 10 15 2.0
= NAG62 Step 2 ?
E ;'§ 10 »
) ;
= KOTO Step 2| = ° B i /0
KLEVER »e g General NP o 22700 20

-+ +,,5 <11
5/27/2022 B(K* = atvip) [107]

B(K* = ntwp) [1071)



The angle y

O Accessible from tree level processes (good Standard Model

probe)

 Negligible theoretical uncertainty [Brod-Zupan,arXiV:1308.5663]

Key processes in charged B decays

Key processes in B? decays

5/27/2022

|
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Vup = |Vub| e

7
)

K-
u u
b Uu,C,t s
> > -

B? w+ W+ K~
S - ¢ u
c

u*b X ‘/;s ~ >‘3 D;-
S
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1-C
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No Mlxmg

- Current World Average
- LHCb Beauty and Charm

-02 0

02 04 06 08

1
z 7]

More details in D. Manuzzi’s talk

LHCDb average:

, 68.3% CL 95.4% CL
Species Value [°] _ ,
Uncertainty  Interval  Uncertainty  Interval
Bt 61.7 ﬁ:‘g [56.9, 66.1] 1.8 [52.2,70.3]
B° 82.0 a1 [73.2,90.1] HI (64, 99]
B 79 Y [55,100] e 32,130]

measurements

Z 10 -_ll‘}llclbl T | T LI r T LI T | T LI T
S [ 9 Current World Average
5 [ 771 LHCb Beauty and Charm

1 [ [ | PR S A S N SR
-0.1  0.05 0 0.05 0.1
M. Artuso FPCP 2022 |q/p| -1




Future prospects

100
. Py LHCb
arX1V:1808.08865 < , ADS/CLW oy
+
104 M :
* o Belle II Snowmass white paper
® ¥
x  B* - DK* . Y _
. Brspk* £ L
v B DK % %‘ 10— ——— B D(K K
+ BV DK*0 g B B - D(KZhh)K + GLW + ADS
5 23 50 300 ” 4 - B — D(K_hh)K (mproved ¢ ) + GLW + ADS
Integrated Luminosity [fb—!] -
sl
'J 1 T ¥ 0_16 LUN R B NN SN S B N B B S N S BEN B N B B R | —
C HFLAV § Q= [[]eeszsm” [ ]GLW/ADS 5i” T HCbA -
? ~ - - :
— osF _' 0.14 -] GGSz 300fb [77] GLW/ADS 300fb™ 3 al—
L GLW | - i B
B ADS - B*-DK* only ’ L
06b il 665z A 0.12F . C
6 — . - L
= 3%_; ] [} l | | | !
= { 3 o 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
- \¥ / \ - 008~ - 0 10 20 30 40 50
021 ] i Luminosity [ab™]
I NN ?5 S \"0 i 0.06 | contours bold 68%, 95% CL | | I__
% 150 020 40 60 80 10
v [°] v [°]

Illustration using selected decay modes, the neutral modes are really interesting too!

5/27/2022 M. Artuso FPCP 2022 26



The BJtriangle

Current status

0.11

0.09

0.07

0.05¢

ATLAS 99.7 fb~!

LHCb 4.9 fb~!

DO 8 fb~
68% CL contours

(Alog £ = 1.15)

CMS 116.1 fb~1

CDF 9.6 fb™!

HFLAV

-0.5

5/27/2022

0.3 0.1 0.1 0.3

¢S[rad]
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ol¢s) [mrad]

1000 — . - T
e 8aNcTs ® 80-0707
* B2 o 8)-y25¢
. B e e S
¢ B24/gK*K-highmass 4  82KVK®
100 ! . 7
A El
N "
v SHpreisan.
o v ' ) {
10F ; : v -
: :
*
2 1 1 1 ?
5 23 50 300
Integrated Luminosity [fb™]
ATL-PHYS-PUB-2018-041
Tg” DO 8 fb™!
: 68% CL contours

LHCb-TDR-023

CMS 19.7 fb™!

Combined

LHCb 3 fb~!
ATLAS 19.2 fb~!

(A log £ =1.15)

CDF 9.6 fb™!

-0.4 -0.2 -0.0 0.2

04
¢ [rad]
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Searching for signatures of new
physics 1n (mostly) rare decays

Mostly interference between loop diagrams with one exception

5/27/2022 M. Artuso FPCP 2022



Rare decays and generic searches for new
physics

Model independent parameterization of the new physics that
can appear in interference with SM loop diagrams

0 + -
Bs »u"u

b t 2010} w b — slTf
| s

BY W H*

d/s st
| t N

d/s H - '

b - owm em == u-}-
B teulg T
s/d GU G v
d/s - :

W= X
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4GF * :1'2 Trzzn enguin
Hepp = — 7 VieVie Y [C(i)Oi(p) +Ci(1)O" (1)) T reves v
1 hd v i=9, 10 Electroweak penguin

i= S Higgs (scalar) penguin
left handed right handed Pseudoscalar penguin

(suppressed in the SM)
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By — utu~

now arXiV 2108.09284 CMS-PAS-FTR-14-015
a> T T T T T T T T T ——
3 - HC —e— Data . 3 CMS Simulation %500_— CMS Simulation
> - L b -1 01m 0 1
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E . % : ==
N LT W Y T 1 40~ o r
S 10 1 . g f & I
THE . e .. »{- 7 5 20 5100.
O onnassssse .-.-' ''''''' _ c . : E : '
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QB (By - utu™) = (3.09134§813) 1077

SM predictions:

——(0) 3.599 0.032
Br., — 1+ +0.031| et + 0011,
g (3.660 | 0.011) ot l
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+ 0-006|pmr + 0-012|non-pmr i—gggglLCDA] : 10—9,
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https://arxiv.org/pdf/1908.07011.pdf
https://arxiv.org/pdf/2108.09284.pdf

B-oK®pte—and b - st

[
J/w”(IS) Need to select
. . €cd 10 s€elec
EIlefer.ent lepton pairs . e regions in G2 1ot
accessible 1n the final states, o W dominated by
precise SM prediction of d‘-’2 resonances
/ i) e S ana O
ratlos: lepton ﬂavor interference Long f:listai\nce 3
universality tests \j "
dWhen a vector is involved in -
m 2
the final state many ! =
observables B . .
: Lcos 6, d cos 6 ;¢ do = 32 [Z(l — FL)sin2 6 + FL cos? O + Z(l - FL)sin2 6 cos 26y
R . ’ ; \* ‘ - F, cos? 0 i cos 26p + é(l - FL)AE[?) sin? O sin? 6p cos 2¢ +
=8 i ;B" “‘0.( o\ N W Fr(l —FL)P_.i sin 20 ¢ sin 26 cos ¢ + 4/ FL(1 — Fy )P sin 20 i sin 6, cos ¢ +
» | (1 — FL) AR, sin® 0x cos 6y + |/ FL(1 — FL)P; sin 26 sin 6, sin 6 +
' Fr,(1 — FL)P. sin20 sin28p sin¢ + (S/A)g sin? O sin? By sin 2¢
V : ]
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Several tensions currently reported in
B - K®u* u~

Angular distribution

BY 5 K*0,+ 5~
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BT > K0t~

arXiv:2103.11769
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Future prospects:

two snashots

Belle I1

_ SM Ayera o
B — Kvu Heoy el ’

Il with inclusive ROE (Rest
of the Event) tagging. ——

Phys. Rev. Lett. 127, 181802, (2021)

New Technique from Belle i -
I
I
|

T T T T T T T

Belle II (63 fb-

1.9+ PRL127, 181802

—
, Inclusive)

Belle (711 fb !, SL)

1.0+0.6 PRD96, 091101

Belle (711 fb !, Had)

3.0x16 PRD87, llllUJ
An emerging anomaly ??? | Babar (429 fb~!, Had+SL)
.: | | . , . . IJ.l_J ’ lRDSIllZUUI . . ‘ ‘
0 2 4 6 8 10

Width of SM band is FF 105 X BI’(B+—)K + 1/17)

uncertainty

4% experimental error on B —» K*vv
with 250ab-!
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E Current LHCb Data
I Projection for the SM

1k Contours drawn at 30

T T T

LHCb

- B Projection for a vector-axial-vector NP contribution
Projection for a pure vector NP contribution

2| ‘
3 |
re +
LHCb projections ;
B T U — 1
ACq
Integrated Luminosity 3fb " 23fb~ " 300fb~"
Ry and R+ measurements
o(Co) 0.44 0.12 0.03
Alree gemenic [ Ty 40 80 155
A"EMY ey 8 16 31
Aleopeeneric [ may] 3 6 12
A'PMEV ey 0.7 1.3 2.5
B” — K™ u" 1~ angular analysis
o (S;) 0.034-0.058 0.009-0.016 0.003-0.004
o(Clo) 0.31 0.15 0.06
Alree genenic [ Ty 50 75 115
ATEMEY T Tey] 10 15 23
Aleopeenenic [ ey 4 6 9
A'OPMEV ey 0.8 1.2 1.9




Projection of LHCb sensitivities to key physics

quantities

5/27/2022

Observable Current LHCh Upgrade I Upgrade I1
(upto9~Y) (23m~Y) (s0m~Y) (300871
CKM tests
v (B = DK, ete.) 42 [9,10] 1.5° 1° 0.35°
o5 (B? = Jppo) 49mrad (8] 14 mrad 10 mrad 4 mrad
[Vas|/|Ves| (A2 = pu~7,,, ete.) 6% [29,30] 3% o 1%
ad (B° = D pty,) 36 x 104 [34] 8x104 5x104 2 x 104
a2 (B - D;ptv,) 33x1074[35] 10x10-%¢ 7x10-% 3 x10-¢
Charm
AAcp (D° 5 K+*K-,7tx~) 29x10-5 [5] 17 x 10-5 — 3.0 x 10-5
Ap (D° 5 K+*K- 7%n~) 13 x 105 [38] 4.3 x 10-5 — 1.0 x 10-5
Az (D° 5 Kintx™) 18x107%[37] 63x107% 41x107% 16x107°
Rare Decays
B(BY —» utp~)/B(B? = ptp~) 71% [40,41] 34% - 10%
Suu (B s ptp~) - — - 0.2
AD (B° 5 K*%te) 0.10 [52] 0.060 0.043 0.016
AP (B 5 K*%te) 0.10 [52) 0.060 0.043 0.016
AST(BY = ¢n) Ha [s1] 0.124 0.083 0.033
S, (B? = ¢7) 032 [51] 0.093 0.062 0.025
a, (A = Ay) A [53] 0.148 0.097 0.038
Lepton Universality Tests
Rg (BT - KTete) 0.044 [12] 0.025 0.017 0.007
Ry (B = K*%¢t¢) 0.10 [61] 0.031 0.021 0.008
R(D*) (B° = D*— ) 0.026 [62,64]  0.007 — 0.002

M. Artuso FPCP 2022
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arXiV:2203.11349

Belle II projection, long term plans in early phase

of discussion/study

Observable 2022 Belle-1I Belle-1I Belle-11
Belle(I), 5 ab~! 50 ab~! 250 ab~!
BaBar

sin 283/ ¢4 0.03 0.012 0.005 0.002

v/@3 (Belle+Bellell) 11° 4.7° 1.5° 0.8°

a/p2 (WA) 4° 2° 0.6° 0.3°

[Vus| (Exclusive) 4.5% 2% 1% < 1%

Scp(B — 'KQ) 0.08 0.03 0.015 0.007

Acp(B = 7°KQ) 0.15 0.07 0.025 0.018

Scp(B — K*%) 0.32 0.11 0.035 0.015

R(B — K*¢+e)t 0.26 0.09 0.03 0.01

R(B — D*1v) 0.018 0.009 0.0045 <0.003

R(B — Dtv) 0.034 0.016 0.008 <0.003

B(B — 7v) 24% 9% 1% 2%

B(B — K*vp) — 25% 9% 4%

B(r — py) UL 42x1077  22x1077 69x107° 3.1x107°

B(tr — ppp) UL 21 x 1077 36x107? 036x107? 0073 x

10~

Table 2: Projected precision (total uncertainties, or 90% CL upper limits) of selected
flavour physics measurements at Belle I1.(The T symbol denotes the measurement in the
momentum transfer squared bin 1 < ¢ < 6 GeV/c%.)

5/27/2022 M. Artuso FPCP 2022



Conclusions

Precision SM tests in flavor observables still key: deviations may be
subtle!

WIntriguing tensions in flavor physics observables have emerged:
increase 1n precision of upgraded experiments is needed to gain a
complete picture

A rich and diverse experimental program is under way:

Rare K decays offer unique probes of SM and beyond with the prospect of
measuring few 10? events of ultra rare K — mvv

Super tau-charm factories proposed to continue the program of BESII

Belle IT and LHCb will provide complementary information on the full SM reach
and a variety of new physics prospects

Atlas and CMS will continue b-physics program with muons in the final state

Precise calculations of the hadronic matrix element are necessary to
complete this exciting physics program

5/27/2022 2022
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The end

With many thanks to the organizers for a lovely

conference and for honoring the memory of
Sheldon!
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The LHCb detector 2010-2018

Key performance parameters:

U Vertex resolution: PV with 25 tracks has 13um
resolution in xy and 71um in z & asymptotic IP
13pum

Decay time resolution 50fs
Mass resolution J?’"=0.5%, (m < ~20 GeV)

JExcellent hadron ID
U Fast software trigger LHCb Trigger Run 2
[ Bunch cr(iszl(l)lsl;azte ]

L0 Hardware trigger
high pr/Er signatures
¥ 1vHz
[ High Level Trigger 1 ]

partial event reconstruction

110kHz

Alignment &

Calibration

Software trigger

[ High Level Trigger 2 ]

full event reconstruction

12.5kHz
Storage

5/27/2022 M. Artuso FPCP 2022 39




LHCb Methodology: study b and c in the forward direction at the

LHC _
In the forward region at LHC the bb

production o 1s large

The hadrons containing the b & b |
quarks are both likely to be in the Production
acceptance. Essential for “flavor UofBvsB
tagging”

JLHCDb uses the forward direction
where the B’s are moving with
considerable momentum ~100 GeV,
thus minimizing multiple scattering

At £=2x10%%/cm?/s, we get 1012 B
hadrons in 107 sec

5/27/2022 M. Artuso FPCP 2022
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Flavor as a High Mass Probe

Leff = LSM + A—i20.

C

l

QAlready excluded ranges

A, [TeV]

10°
10*
10°
10

10"}

(s — d)
AmK) €K

b=d) (o)  (c—w)
Amg, sin28 Amg, Adp D-D

M. ArtusclEPCP 2022

Interpretations:

1. New particles have
large masses >>1 TeV

2. Mixing angles in new
sector are small, same
as in SM (MFV)

3. The above already
implies strong
constrains on NP

See: Isidori, Nir
& Perez arXiv:1002.0900; Neubert
EPS 2011 talk




Most recent LHCb combination

1 Simultaneous determination of y and
charm mixing parameters
J Many measurements of y with this

internal combination of different

measurements reported previously i 55\ _ /
3 LHCb has also precise B DVK

measurements of D? mixing

parameters — New combination of

v and charm mixing parameters
arXi1V:2110.023350

approach, they differ on the D 0 7. — i)
. DK rpe'’”
decay modes considered / \
 LHCDb has a rich array of data, B i}
’ B fpK

5/27/2022 M. Artuso FPCP 2022 42


https://arxiv.org/abs/2110.02350

Measurements used in the combination

First combination where the LHCb charm

. . B decay D decay Ref. Dataset Status since
inputs are included Ret 17
B* 5 Dh* D — hth™ (20] Run 1&2 Updated
. B* = Dh* D= htr—nta [2]] Run 1 As before
J“updated” with respect to LHCb-CONF-2018-002 ~ »*~ o Dohr [ Rl Asbeon
B* — Dh* D — K8h*h~ (19] Run 1&2 Updated
. . B* — Dh* D — K{K*n* 23 Run 1&2  Updated
Frequentist approach with 151 observables to B it bonn b meise  Updeted
. B* 5 DK** D — h*th~ (24) Run 1&2(*) As before
determ1ne 52 parameters B* — DK** D — htn—nta [24] Run 1&2(*) As before
B* — Dh*rnta~ D —hth™ [25] Run 1 As before
BY - DK*Y D — h*h~ (26 Run 1&2(*) Updated
B° - DK*" D = htn—nta— 26 Run 1&2(*) New
Decay Parameters Source Ref. Status since B° —» DK™ D — Kgn*n~ 27] Run 1 As before
Ref. [17] B - DFg# Dt 5 K—xtn™ (28] Run 1 As before
BE S Do DKE THCh 4] As before B? - DFK* Df = hth—nt [29] Run 1 As before
B B? - DTK*n+m— D} - hthwt [30] Run 1&2 New
B® — DK*° Kgg{‘o LHCb 45] As before D decay Observable(s) Ref. Dataset Status since
B° = D¥r* B HFLAV [11] Updated Ref. (17]
B? — DFK*(nm) ¢, HFLAV [11] Updated D — h*h~ Adcp [31-33] Run1&2  New
D — hth=n° F* , Ff , CLEO-c [46] As before DO Wk~ yor 34  Runl New
- v ] D" = hth AY [35-38] Run 1&2 New
D—ratratn FL ) ) ) CLEO-c [46] As before DY K+n- (Single Tag) R, (z°5)?, y'* 139] Run 1 New
D — K*tr—n° rrm gEmm K CLEO-c+LHCb+BESIIT  [47-49] Updated D® K+~ (Double Tag) R%, (z'%)?, y'* [10] Run 1&2(*) New
D — K*n¥Fptg—  pEor §K3m  Kor CLEO-c+LHCb+BESIIT  [41,47-49] Updated D" — K*pFptn- (z? + %) /4 (41) Run 1 New
D — K3K*r®  phike gKsKx  K3K=  GLEO [50] As before D° - K¢r'm z,y [42]  Run1l New
D — K3K*r®  ret" LHCb [51] As before D° = Km*m™ acp, yop, Az, Ay [43]  Run1l New
D’ — Kintr~ Tep, Yop, Az, Ay [44] Run 2 New

5/27/2022
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http://cds.cern.ch/record/2319289/files/LHCb-CONF-2018-002.pdf?version=1

Measurement of y with BT - DhEr®

QFinal states D » 7t w7 and D -
K~ K*m9 are mixture of CP odd and

CP even eigenstates [= dilution

factor of the overall CP asymmetry]
11 CP observables measured

RKK‘II’O

Rrr
Kmrr®
Ag

KK="
AK

0
AR

KKx"
A‘Jl‘

Apre?
Ry
Ry
Ry
Ry
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https://arxiv.org/pdf/2112.10617.pdf

Other branching fractions

Lattice —-Data

I T T l T T T I T T
B*—= K 'u*u -

LHCb 1

ENI.CSR
pr— |||||||
S s
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O ,
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[~ o] L
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= F +t
A - Ny
E - [JHEP 06 (2014) 133]
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S 0
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2105.14007
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https://arxiv.org/abs/2105.14007

https://arxiv.org/pdf/2103.11769

LFU violationin BT - K™ ¢* ¢~

The quantity of interest

B> K utu /B~ > J/Y(= putu)K~ The quantity measured: double ratio of corrected
Ry =5=73 K-ete /B~ - J /(> ete )K- yields, only relative efficiency needed
B™ - /(= uu)K™
R = = 0.981 + 0.020 240 o
I = B= S /(> ete K- T o
= 130 — Total it =7
g 1608 UN\dd i 88— B'> K'ete T 400F
dB B- K- + = 5140 Bl B Jiy(ete )kt ~
( ;’2 A (28.6+15 + 1.3)x10=9/GeV'? £ 1o0f e | 5
q s w g 2}
& 1 S 100f
0 : Buaia s o
In 1.1<q?<6.0 GeV?, consistent . P ke erer) MV R P PR
with SM expectations g 2p” LHCD g wof LHCb
> 200 4 Data9 v > 350 ﬂ 4 Data9 b
= 180 —— Total fit = 30b —— Total fit
SR = | B Jiy(ete )kt N 3 —— B'= Jiy(utu)Kt
3 mrveon | Tk e
2 4 0.042 +0.013  £'% - g
RK(].]. < qg < 6.0 GeVQ C ) = (0.846 1_0_039 t0_012, § ;:; gloo— J L
20 3
: 5300

5400 5600 S0 33005600
my, (K*e*e”) [MeVic?] my, (K'pu-) [MeVie?]
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https://arxiv.org/pdf/2103.11769.pdf

LFU in the isospin partners B - K3¢* ¢~ , BT - K*t¢* £~

& | | ! ! ! ! | ! ' ! _
S LHCb  § Daa9fb’! E
0.02 v 2F -
Ryo = 0.66 722 (stat.)” syst. = — Total :
K2 014 ( )—0.04( yst.) 200 T p e B Klete E
T\; Comb. Back. ]
Q 1 0 0 E
. . 2 15 A\ BB s Kt ]
Consistent with SM at 1.5 ¢ z F | mmB— J/Sy/(e"e:) K? ]
5 10— [ Part. Reco. K -
SE =
o :. ______ st l..-’ | | | ...:'.'.'“'4"- g 1]
5000 5500 6000
0.18 +0.03 m(Klete~) [MeV/c2]
Ri++ = 0.70 T 13 (stat.) "o o (Syst.) S
: & — T T T 7
S 70 LHCb § Data9fb E
> E
. . > 60 — Total =
Consistent with SM at 1.4 © - Al B> K ete ]
= >0 Comb. Back. E
2 40F W B* K "t ) =
E 30:_ -B+—>J/l//(e+e:)K +_:
g F [l Part. Reco. K =
“ 20F =
0 E e , . T 1 ]
5000 5500 6000

m( Ksozr"e*e‘) [MeV/c?]
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Candidates / (21 MeV/c?)

Candidates / (21 MeV/c?)
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