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Heavy Flavor and the CKM Matrix

Lepton Universality Violation Dr. Gereo ONDERWATER B

Hyatt Regency Indian Wells Conference Center 08:00 - 08:35
Experimental Status of $V_{ub}/V_{cb}$ and the CKM Angle $\gamma$ Prof. Abner SOFFER B)

yatt Regency indian Well Gonerence Genter 08:35 - 05110
Rare Decays Probing Physics Beyond the Standard Model or. Gereo OlOERWATER. B
ot RSyt Wl Corderence CEnte) EXDoEXD Introduction to the CKM Matrix. Wolfgang ALTMANNSHOFER B
$\to \pi\elI\ell$ and $B\to K\ell\ell$ Decay Farm Factors fram Lattice Q€D 01, Yuzhi LU B
Hyatt Regency Indian Wells Conference Center 14:00 - 14:30
b= Rouany, ok etoIC ool Conte 4 30500 ined Measurement of the CP Violating Angle $\beta$ by the BaBar Or. Tomonari MIYASHITA B
Search for LNV by the NA48 Experiment. Or. Cristina BIINO B -nd I=II= Experiments
Hyatt Regency Indian Wells Gonference Genter 1500~ 15120 Hyatt Regency Indian Wells Conference Center 143 150
Search for $K~1\to \pi~+ \nu\nu at CERN 01,806 vELGHE B Determination of $v_{ub}$ and $v_{cb)$ . ot LuBEr B
Hyatt Regency indian Wells Conference Center 1520- 1540 Hyatt Regency Indian Wells Conference Center 1500- 1520
First Collisions at Belle IT Anselm vossEN B
The MEG Experiment: Run I Final Results and Preparation for Run 11 or. Terence LaR B P 15120 - 1500
AT AT AT 16510+ 16140
—— T s B ot Ditance Mt Elements fr 8008 Neson Hiin from 8_f=2415 0. ChioChr
Hyatt Regency Indian Wells Conference Genter 16:40 - 17:10 Hyatt Regency Indian Wells Conference Center 14100 - 14:30
PEN Experiment; a Precise Test of Lepton Universality pro. inko pocantc. B 488 20 404 Heson Leptonic Decay Canstants and Quark Hasses from Corketon 0ETaR B
(7ot Regency IndanW el CardsrenceiCenteds 17:100017:30) Hyatt Regency Indian Wells Conference Center 14130 - 15100
Kmproued scarch o Heavy Neutino and a Testof Lepton Unversally i the, Rt MESCHE B T etz O
Hyatt Regency Indian Wells Conference Center 15:00 - 15:20
RO and RD*: Thearetical Developments ErRUAEEE Inify the SU(3) Topological Diagram and Irreducible Representation Prof. XIAO-GANG HE
Hyatt Regency Indian Wells Conference Center 17:50 - 18:10 ‘""’"""’" for B Dacars

Diagnosing New Physics with Lepton Universality Violation and Lepton  Prof. Alakabha DATTA B
Flavor Violation

2 plenary talks + 4 parallel sessions (2 joint with PPHI)
Thank you for all the fantastic contributions!
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1) Determine CKM Matrix Elements
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AB — wlv) ~ Gr x FF(G?) x Vy
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measure calculate precisely extract CKM
precisely the SM contribution matrix elements
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1) Determine CKM Matrix Elements

AB — ntv) ~ Gr x FF(q?) x Vyy

A \\
measure calculate precisely extract CKM
precisely the SM contribution matrix elements
Matic Lubej S Qlll\ier‘V\gtzel Wolfgang Altmannshofer
(Determination of | V| and |Ves| (Semileptonic B; decays) (Introduction to the CKM Matrix)
at Belle (1I)) Carleton DeTar

(B and D meson leptonic decay
constants and quark masses from
four-flavor lattice QCD)

Anselm Vossen
(First Collisions at Belle II)
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2) Search for New Physics
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measure calculate precisely get information on
precisely the SM contribution NP coupling and scale
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2) Search for New Physics
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Yuzhi Li
Gerco Oderwater u u Ryoutaro Watanabe
(B — mtt and B — K{¢ decay .
(Rare Decays at LHCb) (Rp and Rpx: Theoretical

form factors from Lattice QCD)
. . Developments)
Tomo Miyashita Chia Cheng Chang
(Combined Measurement of the ” ; Alakabha Datta
o (Short distance hadronic . . . .
CP Violating Angle 3 by the BaBar o i (Diagnosing New Physics with
contributions to D meson mixing

and Belle Experiments) ; Lattice QCD) LUV and LFV B Decays)
rom Lattice
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High Precision
Lattice Results
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Many Sophisticated Techniques

How we achieve high precision

@ Gluon gauge-field configurations generated with the highly-improved
staggered quark (HISQ) formulation for sea quarks.

o HISQ formulation for all valence quarks, including b, following HPQCD [Phys.
Rev. D85, 031503 (2012).]
o Exploit merger of effective theories to carry out extrapolations to the physical
point:
o Heavy-quark effective theory (HQET) to treat heavy-quark discretization
effects.
o Chiral perturbation theory (HMrPQASXPT ) to treat the light-quark mass
dependence.
o Symanzik effective theory (SET) to treat light-quark and gluon discretization.
o New minimal renormalon subtraction (MRS) scheme improves HQET for
quark mass calculation. [Phys. Rev. D97, 034503 (2018)], [Komijani, JHEP 08,
062 (2017)].

@ High statistics: 24 gauge-field ensembles with approximate lattice spacing
ranging from 0.03 to 0.15 fm, several values of the light quark masses,
including physical values.

(Carleton DeTar in HFCKM 7)
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Decay Constants with Sub-Percent Precision!

fpo = 2115+ 0.3gac £ 0.35ys £ 024, 1p MeV
for = 212.6 % 0.3gar £ 0365 £ 0.2 L MeV
fp, = 249.84 0.3stat + 0.36ys £ 0.2f, ppp MeV
fe+ = 1894+ 08ar + 1.15ys 0.3, pp MeV
feo = 190.5 £ 0.85tat £ 1.0sys = O'Sf«,PDG MeV
fB. = 230.740.8sat £ 0.85ys £ 0.2, 1 MeV

The systematic error includes
@ Continuum extrapolation
@ Finite volume

@ EM contribution to meson masses that are used to fix the quark masses
(Decay constants are pure-QCD quantities; EM contributions to the relation
between decay constants and physical decay rates are not included here by
definition but would be relevant for phenomenology)

@ Uncertainty in adjustment for non-equilibration of topological charge

(Carleton DeTar in HFCKM 7)
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Up and Down Masses with Percent Precision!

U, d,5,¢ soa ) s e
i Fermilab/MILC/TUMQCD 18 L Fermilab/MILC/TUMQCD 18
o HPQCD 14
e |ETM U
e |ETM 14
ud,s sea u,d, s sea
. Maezawa and Petreczky 16 . RBC/UKQCD 14
] RBC/UKQCD 14 L BMW 10
. BMW 10
] HPQCD 10
4 HPQCD 10
MILC 09 MILC 09
80 85 90 95 100 105 3 32 34 36 38 4

m, 575(2 GeV) [MeV] my 752 GeV) [MeV]

Results for light quark masses in a theory with 4 active flavors.

mmes(Z GeV) = 2.118(17)stat(32)syst(12)a, (03) £, ppe MéV,
md’m(Z GeV) = 4.690(30)stat(36)syst(26) . (06) £, ppe MeV,

(Carleton DeTar in HFCKM 7)
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Flavor Anomalies
and New Physics
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Lepton Flavor Universality Violation 1: Rp and Rp:

world average from the heavy flavor averaging group

g 05 ' i BlaBarl, PRILlO;,lollRO2I(201I2) ' AIXZ Lo ! t' R
[ = Belle, X = 1.0 contours -
T F om0 lown p,  BA(B = Drv)
- ——— Belle, PRD94,072007(2016) . — PD/D . N\
0.45 [ = Belle, PRL118211801(2017) R(D)=0300(8) HPQCD (2015) 1 BR(B — DZ}/)
' ——— LHCb, FPCP2017 R(D)=0.299(11) FNAL/MILC (2015)
0.4 EEED Average R(D*)=0.252(9)S. Fajfer eal. (2012) 7
E T 3 R BR(B - D*Ty)
035F P e i D = ———
I R N BR(B — D*(v)
0.25F TEse TS - ¢=u,e (BaBar/Belle)
02F | | —ee  t=n  (LHCD)
0.2 0.3 0.4 0.5 0.6

R(D)

Ry® =0.407 £0.039+0.024 , R, =0.304+0.013 +0.007

Combined discrepancy ~ 4o.
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Lepton Flavor Universality Violation 2: Rx and Rk
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~ BR(B— K®) )
~ BR(B— K(®ee)

Rk

R — 0.74519:9% + 0.036
R0 — 0 667911 +0.03

RY18 — 0.697911 +0.05

3 observables
deviating by ~ 20 — 2.5¢0
from the SM predictions

June 3, 2018

11/20



Could We Be Missing a Standard Model Effect?

[2] Radiative correction Kitahara et al.,, 1803.05881

Another development. Soft-photon effects depend on lepton mass,
which leads to corrections even in RD(*)

Soft-photon corrections to RD result in
(1) leading to RD*+ # RD”0
(2) depending on photon energy cut
(3) non-negligible constructive contribution to RD,

at most 4~6%

(Ryoutaro Watanabe in HFCKM/PPHI 2)
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Many Possible New Physics Explanations

o (i) a vector boson (VB) that transforms as (1,3,0) under SU(3)¢ x
SU(2)L x U(1)y, as in the SM.

o (ii) an SU(2) -triplet scalar leptoquark (S3) [(3,3,—2/3).
o (iii) an SU(2) -singlet vector leptoquark (U1) [(3,1,4/3).
e SU(2),-triplet vector leptoquark (Us) [(3,3,4/3)].

o Note to simply explain b — s¢T¢~ we can have Z’ (1,1,0) from U(1).
One can consider both (1,3,0) and (1,1,0).

(Alakabha Datta in HFCKM/PPHI 2)
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First Collisions
at Belle |l
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The Machine: SuperKEKB

| Bel |e I I ‘ New superconducting final

focusing quads (QCS) near the IP

o* 4GeV 3.6 A
7GeV2.6A

(~2x KEKB)

SuperKEKB
8x10%%/cm?/s

Replace short dipoles
with longer ones
Reinforce RF systems

for higher beam current

Positron source
% New pesitron target /

Redesign the lattices of HER & ﬂP‘“"SEC"GH

LER to squeeze the emittance
TiN-coated beam pipe with antechambers @11 Gev

Cu for wigglers and Al alloy for the rest To inject low emittance
. A ““é positrons /

Low emittance gun

Teo inject low emittance
electrons

(Anselm Vossen in HFCKM 3)
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The Detector: Belle |l

K, and muon detector:

Resistive Plate Counter (barrel outer layers)

Scintillator + WLSF + MPPC (end-caps, inner 2 barrel
] - 1”

EM Calorimeter:
Csl(Tl), waveform sam|
Pure Csl for end-caps

2cm diameter _,

positron (4GeV)

| trigger ~100% efficient for
vents.

D)+100kB{others) per event

er 30GB/sec to record

)ffline computing:

istributed over the world via GRID

He(50%):C2He(50%), Small ci
lever arm, fast electronics

(Anselm Vossen in HFCKM 3)
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First Collisions

26 APRIL 2018 00:38 GMT+09:00: FIRST
COLLISIONS

beamview

(Anselm Vossen in HFCKM 3)
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First Bumps!
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Current Status and Schedule

* Phase | (complete)

* Accelerator commissioning _
*F Goal of Belle I1/SuperKEKB
* Phase 2 (now) ‘; 40f-
+ First collisions (20+20 fb-') = a0f
* Partial detector 20(-
+ Background study 10~
ok L |
* Physics possible x10%% g
o
L |
* Phase 3 (“Run 17, early 2019) g 4
* Nominal Belle Il start E f_ i i i i i i i
2017 2018 2019 2020 2021 2022 2023 2024 2025

« Ultimate goal: 50 ab™!
Calendar Year

(Anselm Vossen in HFCKM 3)
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CKM picture of flavor and CP violation gives overall a
consistent picture at the ~ 10% level ...

... but, over the last few years, several anomalies
appeared (e.9. Ry, Rpe))

Lattice QCD calculations continue to provide
invaluable input with higher and higher precision

Expect many exciting results from LHCb and Belle I
in the near future
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