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b-decays as “sweet spot” for experiments

Properties of b-decays pocag)
1. mp(mp) = 4.18(3) GeV > m.(m.) = 1.27(2) GeV > ms, my, my
— many different decay products
2. b hadrons have relatively long lifetime of 7, ~ 10725 (1, ~ 10~%%s)
— b hadronises and b-jets travel some distance before decaying
— but not far enough to escape the detector
— allows for b—tagging

= Plethora of accessible decay channels for hadrons with b-quarks

v
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= Plethora of accessible decay channels for hadrons with b-quarks

v

Distinguish two categories:

Charged currents Flavour changing neutral currents
@ Present at tree level in the SM @ Only at loop level in the SM
eg. B = Dy, eg. B— K(ti~
= Precision tests of the SM = Sensitive to NP searches
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Search for New Physics: (flavour) experiments

top: LHCb at LHC, CERN
left: Belle Il at SuperKEKb, KEK
= Huge experimental efforts!
+ BES-III and other LHC experiments
= B-factory vs hadron machine
Very complementary
e “Old” data from BaBar, Belle, Cleo, ...
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CKM

CKM Matrix Unitarity Triangle

@ 3 generations

@ appears whenever u-type quark
changes into d-type or vice
versa

@ complex
= allows for CP
via a single phase

@ unitary
e.g. 2nd row:

2 2 22
|Vcd‘ + ’Vcs’ + ’VCb’ =1

[PDG]

(0,0)
Viud Vo + Vea Vi + Via Vi, = 0
VidVip | VidVip
VeV, VeV

="

= Test SM by determining CKM matrix elements
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Indirect searches for New Physics in B, decays

Inclusive vs Exclusive Lepton Flavour Universality

o F Bloriy T T Inclusive 4 N T T T T 7]
S r E_Dlv Vo GGOU 1 O | HRLAY aveage AY?=10contours 7
= 45F B _mlv Vo global fitinks - 4 MT\HW 3
E E ivsiei‘i’fﬁl E 03sF . BaBar12 E
‘E E o LHCDIE i E
g | ] osf LT =S
3SE E [ R ) B
: 1 025 K=t _ Bellets 3
E ‘ ] o2 +/;\(;ag%gig'§'m&=glww Spring 2019 ||
25 | | n | P =77%] o ) F(D*):ozsa;u.msl o0 =2m ]
34 36 38 40 22 44 02 03 04 05
Vgl (1079 R(D)
exclusive: specific (e.g. B — D/{v) R(D™) = B(B — DWru,)
inclusive: general (e.g. B — X.lv) B(B — DM iv,)
i

@ More experimental data soon - need to sharpen theory predictions!
= Further work is needed to clarify theory uncertainties!
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Relating experiment and theory

@ Experiment measures differential decay rates, mass differences,
branching fractions, ...,

@ In the SM predictions are parameterised as a sum of products between
known /calculable coefficients and low energy matrix elements.

, G2 (- m22EE—

T de Vel g
q us q*mg

(s)

m2 2 3m2 2 2
(1 + qé) ng(s)(EI% - m%)|f+(q2) + ?ﬁ (m2B(5) - m:%’) |f0(q2)|
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Relating experiment and theory

@ Experiment measures differential decay rates, mass differences,
branching fractions, ...,

@ In the SM predictions are parameterised as a sum of products between
known /calculable coefficients and low energy matrix elements.

, G2 (- m22EE—

T ae Vel 2 o
q us q*mg

(s)

m2 2 3m2 2 2
(1 + ;) ng(s)(EI% - m%)|f+(q2) + Siqze (m2B(5) - mQP) |f0(q2)|

202
Or in short
experiment R theory
dr(B“é? PO o VP [ (@) K+ ()] K2
q ~—— —— —

CKM—element non—pert. non—pert.
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Theory predictions for non-perturbative physics

v T decays (N’LO)
& DIS jets (NLO)
o Heavy Quarkonia (NLO)

a(Q?)

0.3
® e.w. precision fits (N3LO)
v pp—> jets (NLO)
v pp —> tt (NNLO)

0.2t

0.1

— QCD 0g(M,) = 0.1181 +0.0011

Aprl 2016

o e'e jets & shapes (res. NNLO)

1 100

' Q[GeV]

Source: PDG

1000

At low energy scales:
perturbative methods fail.
Require non-perturbative
methods, e.g.

o Effective theories

e 'AdS/CFT-like’
correspondences

@ Sum rules

o Lattice QFT

o Lattice QCD simulations provide first principle precision
predictions for phenomenology

@ Calculations need to be improved for observables where the error is
dominated by non-perturbative physics...
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Lattice QCD methodology

Wick rotate (t — iT) Path Integral to Euclidean space:

(O)g = ;/D[w,w]D[U] O, b, U] e~ Selv:U]

Introducing lattice renders PI large but finite dimensional.

e o o o o o e Finite lattice spacing a
= UV regulator
o o 1 o L. 3
TU” e Finite Box of length L°> x T
o x ® e_ e = IR regulator
M Uy(x) q v . .
= Discretised momenta
e} a e} o (o} o} e} u

e [ — >, 0 —finite differences

PDG

= The Path Integral is now (large but) finite dimensional.

= Need to discretise the action (S¢ and Sg) and any operators O...
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A Lattice Computation

Lattice vs Continuum

We simulate:
at finite lattice spacing a
in finite volume L3

lattice regularised

amy, ams, amy,
In general: mj # mE™®
@ Vacuum contributions of
Nf =2: 2/(u=d),
Nf =2+ 1(+1): 2/ + s(+c)

Some bare input quark masses

We want:
@ea=0
o L =00
@ some continuum scheme
o m, = mi™s
e my = mshys
o mg = mb™s

h h
o mp=mg>*, mp™®

o Ne=1+14+14+14+1+41

= Need to control all limits!

— particularly simultaneously control FV and discretisation
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Multiple scale problem on the lattice: back of the envelope

Control effects of IR (finite volume) and UV (discretisation) regulators:

m;L > 4 a~! > Mass scale of interest
® @ ® * N .
10° 10! 102 103 104 10° 10°
m, [MeV]

For m, = mE™s ~ 140 MeV and mp(mp) ~ 4.2GeV:
L >5.6fm a ! > 42GeV ~ (0.05fm)""

Requires N = L/a > 120 = N3 x (2N) > 4 x 108 lattice sites.

VERY EXPENSIVE to satisfy both constraints simultaneously. ..
. needs to be repeated for different values of a.
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How to simulate the b-quark?

Many different actions which differ in
@ computational cost @ tuning errors @ cut off effects

@ chirality @ systematic errors @ renormalisation

For now choose between:

Effective action for b Relativistic action for b
o Can tune to my @ Theoretically cleaner and

systematically improvable

@ comes with systematic errors
which are hard to @ Need to control extrapolation

estimate/reduce in heavy quark mass
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How to simulate the b-quark?

Many different actions which differ in
@ computational cost @ tuning errors @ cut off effects

@ chirality @ systematic errors @ renormalisation

For now choose between:

Effective action for b Relativistic action for b
o Static quarks @ Wilson, twisted mass
@ Non-Relativistic QCD @ Domain Wall Fermions
o Fermilab action @ Overlap
@ Relativistic heavy quarks o Staggered (asqtad, HISQ)
BUT SOON:

Huge efforts in the community to produce very fine lattice spacings:
= Direct simulation of ~ mghys will become possible!
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Neutral By meson mixing - background

Neutral mesons oscillate:

b W q

Bq<> u,c,t u,c,t ()Bq
q W b
b q

SR

where g = d, s

J Tobias Tsang (CP3-Origins, SDU)

mass eigenstate # flavour eigenstate
BLn) = p|Bq) +q|Bg)

@ Amg=my—my
] AFqEFL—FH
] FqE(FL+FH)/2

Time dependence:
|Bq(1)) = g4(t) |Bg) +

[Ba(1)) = &+(t) |Bg) +

g-(t)|Bg)

g-(t)|Bg)

QT TIQ
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Neutral By Meson Mixing - experiment

, e Tat

g+ (t)]

Am can be measured very
precisely as a frequency!

Bg: Many results
BY: “Only” CDF and LHCb

Amy = 0.5065(19)ps !
Amg = 17.757(21)ps ™+

Well below per cent level!
[HFLAV]
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Al
5 [cosh <2q t) + cos(Amqt)]

ALEPH 5
(3 analyses)
DELPHI * S
(5 analyses)
OPAL S

(5 analyses)

DO |
(1 analysis)
BABAR

(4 analyses) i

LHCh * §
(4 analyses)

Average of above §
after adjustments

CLEO+ARGUS ]

(x4 measurements)

Average §

L L L L
04 045 05 055
* without adjustments 1
Amy (ps™)

0.446 +0.026 +0.019 ps"
0.5190.018 +0.011 ps™
0.444.£0.028 £0.028 ps™
0.479 £0.018 +0.015 ps
0.495£0.033 £0.027 ps™*
0.506 +0.020 +0.016 ps"
0.506 £0.006 +0.004 ps™
0.509 +£0.004 +0.005 ps™

0.5062 +0.0019 +0.0010 ps™*

0.5065 +0.0019 ps™

0.498 £0.032 ps™

0.5065 +0.0019 ps™
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Neutral By Meson Mixing - theory

w u,c,t q
b

s e Op A0 ;; " s

q W b

o1 ) (o )
En — Mg,

Am x <B(Os) HAb=2 ‘B(Os)> + Z <

Short distance

Long distance

2
2 4
m_, m 2
. q * ~ t *
short distance o g 72 Vb Vg =~ 7 | Vi Vi |
gt W W

SD: Top enhanced: m?Vy,Vig* > m2 Vo, Ve, > m2 Vi Vi
LD: Only m¢, my in intermediate states: no top + CKM suppressed
= Short distance dominated = Can do it on the lattice!
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Operator Product Expansion

Agcp ~ 1GeV < meyy ~ 100 GeV = OPE factorises this into
@ Perturbative model-dependent Wilson coefficients C;(u)
o Non-perturbative model-independent matrix elements

(B 15072 B2, ) = 3 i (B 02520 |82, )

5 independent (parity even) operators O;.
Only Oj is relevant for Am:

O1 = (bavu (1 —75) ga) (bovu (1 —75) Gb) = Ovv 444

e Define bag parameters: B; = (B2| 0; |BY) / (B3| O; \Bf,’)VSA
2,2
_ v 24 FMw
Amp = ’thvtq‘ X fPBp X mp 6702 K
Computing & gives access to |Vig/ Vis|
€ = f.Bs. _ ‘ Vi |* Amg mp
fBQéB Vis| Amy mpg
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Determination of Vis/Viy [arXiv:1812.08791]

o Nf =2+ 1, DWF for all flavours.

@ 3 lattice spacings inc. 2 mz
. . phys
@ benign extrapolation my — my
: based on .
Los ; ckviiver [ global fit — tree only
i Summer 2018 A M I
o = = = = 7| modied by as ONY
mi! [Gev-1] g --- AM, only (Gauss)
N UL L Y I T | L L L
4 [ " RBC/UKQCD18 ]
L ' 1812.08791 (N;=2+1) |
HPQCD 19 [ HPQCD '19 (N;=2+1+1) —
- i [ FNAL/MILC 16 (Ny=2+1) |
L RBC/UKQCD 14 (Ny=2+1) 4
TS o [~ FNAUMILC 12 (N;=2+1) —
ENALMILC 16 [ HPQCD 09 (N;=2+1) ]
FLAGIO N, =241 r ETM 13 (N, =2) ]
—y— C King et al '19 (sum rules) ]
— [ ]
° FNALMILC 12 [ ]
HPoCD 09 N ]
° Ly | T R
— FLAGIO Ny=2 0.18 0.19 0.20 0.21 0.22 0.23 0.24
s VIV,
King et 19 - phys
e = Update with m, ~ m,”>" soon

= Full operator basis
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http://arxiv.org/pdf/1812.08791.pdf

Semileptonic decays: Overview

ST RISl (Some) tree-level decays [+(v]

15 FAG2019 ‘
21y s o8 Pseudoscalar to pseudoscalar
i:: IE . !FNAL/M\LCHC »—e—<: - b _) u: (B _) 7_‘_' Bs —> K)

°
T
a]
L

. e b—c: (B— D, B — Dy)
Pseudoscalar to vector

e e b—c: (B— D¥)

Leptonic decay constants fg —
— o Mev] (Some) loop-level decays [+ (7]

B(g*)o(a*) 7P (a?)

By

<

~ - ;x Pseudoscalar to pseudoscalar
. = s e "b—d": (B—m)
| & = o b5 (B K)
| T Pseudoscalar to vector
—EE & o " 5" (B K)
60 175 190 205 220 235 250 4

Many processes but comparably few results
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Semileptonic decays: form factors, PS vs V

Note: Pseudoscalars (PS) are QCD-stable, Vectors (V) are QCD-unstable

v/ Pseudoscalar to pseudoscalar at tree-level
e 2 form factors: f and fy

(V) Pseudoscalar to pseudoscalar at loop-level (“rare decays”)

e 3 form factors: fy, fy and fr
o Fewer results than at tree-level

e 4 form factors: V, Ag, A1, A

e 1 — 2 transitions (e.g. D* — D) understood on the lattice, but more
involved and technical

e In current studies V are treated as QCD-stable .

X Pseudoscalar to vector at loop-level (“rare decays”)
e 7 form factors: V, Ag, A1, As, T1, To, T3
e Single unquenched result for B — K*{t{~, B; — ¢4~ treating V as
stable [PRD89 094501 (2014)]
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https://doi.org/10.1103/PhysRevD.89.094501

Semileptonic decays: g-coverage

For generic semileptonic P — D decay we are interested in f(g?) for
q° = (Ep — Ep)* — (Bp — Bp)* € [0, (mp — mp)’]

Finite volume = discrete momenta: p = 2{ (ny, ny, nz).

q%(|])) [in GeV?] e Work in B rest-frame
process | ¢2. 1Al =05 5] =10 o Cut-off effects grow as (ap)”
D—m| 30 1.6 -0.3 @ Noise grows as |p| increases
B—m | 265 22.4 17.2 . 5
B.D| 116 10.9 00 @ Covering g° becomes harder as
5] s.t. ¢>(|p]) = 0 [in GeV] e mp — mp becomes larger

e mp becomes heavier
¢*=0|D—m B—m B—=D
ol | 09 2.6 2.3

= Lattice is most precise near g2,
experiment for ¢ < ¢2,..

= Not possible to cover full kinematic range at physical masses!
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Extrapolating over the full kinematic range: z-expansion

e Data typically limited to g° €

[qmin,sim7 qmax] :

@ Want form factors over full range [0, ¢2..].

e Map g2 € [0, ¢2,,.] t0 Z € [Zmin, Zmax] With |z] < 1 and branch cut t,.

Vir—@ - Vi ko
Vir — @R+t~

@ Form factor is a polynomial in z after poles have been removed
BGL: Boyd, Grinstein, Lebed [pre 74 4603):

@) = 11 Bx q°) ¢X(q to) Zan o)z

poles n>0

2(q% to) =

BCL: Bourrely, Lellouch, Caprini (pro 82 099902]:

fBCL(q2) _ H - 2/m Zbk(to

poles pole | k>0
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.74.4603
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.82.099902

Two methods to extrapolate to g°> = 0

o Lattice data at a # 0, discrete p and typically my # mghys and
2
g # 0.
e Lattice best near g2, experiment best for ¢* < g2,

Wodifed z-expansion

1. “Lattice to continuum” ap — an(a, mgq) in the z-expansion
o a—0, mg— mphs and simultaneously do lattice and
o continuous E(|5]) or g° kinematic extrapolations.
o Assemble full error _bUdget energy. Because the modified z-expansion is not derived from
o Choose representative qfef . an underlying effective field theory, there are several poten-
H 2 tial concerns with this approach that have yet to be studied.
.Prowd'e form factors.(qref) The most significant is that there is no theoretical deriva-
|nC|Ud|ng all correlations tion relating the coefficients of the modified z-expansion to
m . 00 those of the physical coefficients measured in experiment;
2. Cont|nuum ana'ySIS it therefore introduces an unquantified model dependence in
Carry out model independent the form-factor shape. As a result, the applicability of uni-
z-expansion over full range But FLAG advises caution [rLac2o19]
v ”

Would be good to have a side-by-side comparison
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https://doi.org/10.1140/epjc/s10052-019-7354-7

B — wlv - literature

Published (within recent years)

e RBC/UKQCD'15 [pro o1 o74510]
Nf = 2 + 1 Domain Wall Fermions (light) + RHQ bottom. f(q?)
and £ (g?) for ¢* € [19GeV?, ¢2,,.] followed by BCL z-expansion
@ FNAL/MILC'15 (pro 92 014024]
Nf = 2 + 1 asqtad (light) + Fermilab (bottom). f(q?) and £, (g?)
for g € [19.8 GeV?, ¢2,,..] followed by BCL z-expansion

@ HPQCD'16 [pro 93 034502]
Nf =2+ 1+ 1, HISQ (light) + NRQCD (bottom). Only f(g2...)

Works in progress
@ RBC/UKQCD update with 3™ lattice spacing SO0N [l by k. Hil @ APLAT20]
e JLQCD with N =2+ 1, DWF (light and bottom) [pos LaTTICE2019 (2019) 143)
o FNAL/MILC with Nf =2+ 1+ 1, HISQ (light) and Fermilab

(bottom) [PoS LATTICE2019 (2019) 236]
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.074510
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.014024
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.034502
https://conference-indico.kek.jp/event/113/contributions/2101/attachments/1466/1586/ryan_hill.pdf
https://pos.sissa.it/363/143
https://pos.sissa.it/363/236

B — 7wlv - results

f.(g?) (upper bands), fy(g?) (lower bands) f0(G2..s)
5 14
FNALMILC15 RBcuKaCDS
RBCUKQCD15 1o B Heacote

41| ¥ HPQCD16

2 25 26 27 28

fo(q* = 0) = fi(q* = 0)

FNALMILC15

RBCUKQCD15
05/ ¥ HPQCD16

0 - 5 10 15 20 25
¢® [GeV? Tos

Combining with experimental data yields ]

= |Vyp| = 3.74(14) x 1073 [FLAG Review 2019] "

T2 -1

o T p
_ a*[GeV?]
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https://doi.org/10.1140/epjc/s10052-019-7354-7

B, — K/lv - literature

Published

o H PQCD’14 [PRD 90 054506 and re-analised in HPQCD'18 PRD 98 114509]
Nf =2 + 1 asqtad (light) + NRQCD (bottom). Modified BCL
z-expansion, (single fit accounts for extrapolations:

a — 0: m; — mP™®; kinematic range). Data in g2 € [17 GeVZ2, g2 _].
i max

e RBC/UKQCD'15 [pro 91 o74510]
N¢ = 2 + 1 Domain Wall Fermions (light) + RHQ bottom. f(q?)
and £, (q?) for ¢* € [17.6 GeV?, ¢2,,..] followed by BCL z-expansion

o ALPHA'16 [pB 757 473
N¢ = 2 Wilson (light) + static (bottom). fy,fy at g* = 21.22 GeV?,
no chiral extrapolation

@ FNAL/MILC'19 (pro 100 034501]
Nf = 2+ 1 asqtat (light) + Fermilab (bottom). fo(g?) and fi(q?) for
q? € [17GeV?, g2, ] followed by BCL z-expansion

v
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https://doi.org/10.1103/PhysRevD.90.054506
https://doi.org/10.1103/PhysRevD.98.114509
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.074510
https://doi.org/10.1016/j.physletb.2016.03.088
https://doi.org/10.1103/PhysRevD.100.034501

B, — K/v - results

35
FNALMILC19 |
20 HPQCD14 i
RBCUKQCD15 i
4 ALPHAl6
2.5
20
&
=
Sis
1.0
” SO et
E-L-Tnnlll'v'l):" .....

FNALMILCTS
HPQCD14
RBCUKQCD1S

i APHAIG

o o
9 s

&
o
4
o=

32

2

20

In progress:

e RBC/UKQCD’20 (SOON):
Error at g2 ~ 21 GeV?
fo: 6.7% — 4.0%
[JTT talk at APLAT'20]

e FNAL/MILC with
Nf =2+ 1+ 1, HISQ (light)
and Fermilab (bottom) (pos

LATTICE2019 (2019) 236]

fi (G2ax) fyj0(q* = 0)

FNALMILCTS

HPQCD14
RBCUKQCD1S
i menas |3

FNALMILCIS
HPQCOL4
RBCUKQCDIS

h B

08

"y ws Bo Bs o ms

7 [GeV?]

BT By W0 s

ho 25 T BT

J Tobias Tsang (CP3—Origins, SDU)

W WS Bo Bs Bo B
7 [GeV?]
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https://conference-indico.kek.jp/event/113/contributions/2176/attachments/1511/1634/APLAT.pdf
https://pos.sissa.it/363/236
https://pos.sissa.it/363/236

Remark on B — D®)(v vs. B, — Doy

To determine |V p| we are interested in a b — ¢ transitions.

¢ S
by 0 =P = Pl
b C
B(p},) D(p})
l
14 ; .
1 =P )
b c
B.(p},) Dy(pf)

@ Only spectator quark differs
= Bs complimentary to B decays
= R(Dg*)) good proxy for R(D(*))?
@ strange quarks are easier to deal
with on the lattice:
= statistically cleaner
= computationally cheaper
o When msim o mphvs
= chiral extrapolation only
sea-quark effects:

= Bs — Dg*) ideal testing ground for B — D(*)
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B — D/v - literature

Additional difficulty since charm is neither heavy nor light

Published B — D

@ FNAL/MILC'15 [pro 92 03as06]
Nf = 2 + 1 asqtad (light) + Fermilab (charm and bottom). fo(g?)
and £, (q?) for ¢® € [8.5GeV?, ¢2,,,] followed by BGL z-expansion
o HPQCD'15 [pro 92 054510
Nf =2+ 1 asqtad (sea). HISQ (light+charm) + NRQCD (bottom).
Modified BCL z-expansion, (single fit accounts for extrapolations:
a— 0; m; — mP™®; kinematic range). Data in g2 € [9.5 GeV?, ¢2,.].

Works in progress
o RBC/UKQCD Nf =2+ 1, DWF (I4c), RHQ (bottom) [pes Laticezos

(2019) 184]

o JLQCD with Nr =2+ 1, DWF (aII quarks) [PoS LATTICE2019 (2019) 139]

27 /31 J Tobias Tsang (CP3-Origins, SDU) Results and challenges in the B,)-sector from lattice QCD



http://dx.doi.org/10.1103/PhysRevD.92.034506
http://dx.doi.org/10.1103/PhysRevD.92.054510
https://doi.org/10.22323/1.363.0184
https://doi.org/10.22323/1.363.0184
https://doi.org/10.22323/1.363.0139

B, — Dglv - literature

Published B, — D,

o FNAL/MILC'12 pro 92 03s506) Nf = 2 + 1 asqtad (light) + Fermilab
(charm and bottom). fo(g?) and £, (q?) for g> € [8.5GeV?, ¢2,..]
followed by BGL z-expansion

@ HPQCD'17 (prp 95 114506) Nf = 2 + 1 asqtad (sea). HISQ
(strange+charm) + NRQCD (bottom). Modified BCL z-expansion,
(single fit accounts for extrapolations: a — 0; m; — mP™®; kinematic
range). Data in g% € [9.5GeV?, ¢2,.]-

o HPQCD'20 pro 1010745131 N = 2+ 1+ 1 HISQ. HISQ (|,S,C,b). Modified

z-expansion. Extrapolation from mj, < mghys. Data over full g°

Works in progress

e RBC/UKQCD'20 Nf =2+ 1, DWF (s+c), RHQ (bottom)
publication in preparation. Expect ~ 4% uncertainty on form factors.
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Lepton flavour universality tests

Recall
fqmax 2 dF B( ) - D( )TV—,—)

Jmt T dq2 40 (Bryy — Digyhiv)

R™/M(Ds)) =

where e.g. for B — D/lv

dr mew Vsl G2 5] (1,1?)2

(m2B_ 2)2 2 2412
= el | (4 g ) 16 o+ 2 BB

& Famianis swae ] R(D)  0.299(11) | FNAL/MILC'15
.1 R(D) 0300(8) | HPQCD'15
= =L | TR(D,) 030i(6) | HPQCD'1Y
N1 R(Ds) 0.2993(46) | HPQCD'20
02_ s st @ R(D;) is a good proxy for R(D)

0z 03 od % D @ RBC/UKQCD'20 in preparation

No result for B(s) — DE*S) yet away from g2, but many ongoing efforts!
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Improving lepton flavour universality tests

dr _ new |Ves|* G |p] (1 B ﬁ)z

dg? — 2473 q2

(1+ 22 ) 15 a0 + 2 B )

o(q?) Fy
q o (FE2 /(473 /2q?)
can be rewritten so that only w, and Fs depend on the lepton mass, i.e.

dar 2 2 £82
dTyg—“’(q we [Fv+(Fs)]

Define R;—}ftu(P, qr211in) as (changes in red) [Flynn, Soni et al., motivated by Isidori, Sumensari'20]

fq‘““‘ dq2 dr (B — Drv,)
‘F/N(D) Tin

opt 2 wr
o a2 | 2515 Dy

Tmin

Noting that (F£)? oc m2 ~ 0 for £ = 1, e the SM prediction becomes

fq’““ dg*®(q*)w- (%) [FY + (FE)?] fq’“‘“ dq*®(q*)wr(a*)(FE)?
Rr/u(D) 9min =1+ Iimin
fq‘jg:‘:* dg?®(q?)w- (%) F2 fq"g:j* dq?®(g?)w- (%) FZ

= Experiment and theory might profit from cancellations!
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Conclusions and Outlook

@ Two complimentary experiments with access to many decay channels

o Effective actions for b o Fully relativistic treatment of b
o my > mb™s o m, = mt™S mp — mghys
@ g2 range requires modelling @ covering g>-range, test
@ PS to PS: form factors under z-expansions
control (tree and loop) @ PSto V (tree): g-range
@ PS to V (tree): vector treated @ treatment of vector: known
as QCD-stable, mostly g2, framework but challenging
® [Vis/Vigl = 0.2033(4)e (£ 30) o V|, |Vig| ~ 1% |

Lepton Flavour universality tests [experiment and theory]

@ New insights from optimised R-ratio?
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ADDITIONAL SLIDES



FLAG - Flavour Lattice Averaging Group

In any (research) community it is hard to assess results from the outside.
The Flavour Lattice

Averaging Group (FLAG) e E— .

FLAGS: FLAG Review 2019
vEANR

C. The ERIC

menu i the sidebar Cicking

v

@ Summarise lattice results

o appeared since FLAG 16.
m ERJC. Tho 20162017

The 201372014 review e

@ Assess their quality

@ Provide averages of
different results

Navigation

FLAG-webpage
= This is a very useful and handy tool, BUT...

...please cite the original papers and not just FLAG.
...be aware that more recent results might not yet be included.
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