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Introduction

¢ |In the Standard Model of Particle Physics, transitions between different
qguarks are governed by the CKM mechanism:

a=2/3 (U Vud ‘/us I/ub d W~
>( VCKM — V;:d T/(,b u.:b >"U\N\f
d \. Via Vis Vip v Vud

Q=-1/3

e The amplitude of a hadron decay process can be described using
Effective Field Theories: Operator Product Expansion (OPE)

AM — F) = (F|Hepf| M) = \/— Z Ve mCi()(F|Qi ()| M)

CKM Wilson Hadronic Matrix

Elements

o)

couplings Coefficients
(u = scale)

Q0994990

pO0DOD000e

O 2000009008



Why B decays?

e The b-quark is the heaviest quark forming hadronic bound states (m~4.7 GeV)

. d .
e Must decay outside the 3™ family Good for j‘ﬂm
— Long lifetime (~1.6 ps) experimentalists! %ﬁ
— Many accessible decay channels (small BR’s) -

xkcd

e Type of processes:
“Y” Dominant: b—c (favoured) and b—u (suppressed)
Rare: Flavour Changing Neutral Current (FCNC): b— s,d

; Flavour oscillations and CP violation ,
Penguin

W

W Ideal place to probe New Physics effects! g=uct
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—
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—
o
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=
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xkcd

Good for theorists! d d









The LHCb experiment

® The bb cross section in pp collisions is large, mainly from gluon fusion

~ 300 pb @ Vs=7 TeV b, b
~ 600 pb @ Vs=13 TeV z
[PRL 118 (2017) 052002] [0 b,c B
. ieome b, b
P . b,T is=8TeV

The b quarks hadronize in B, B, B* ), b-baryons...
— average B meson momentum ~ 80 GeV

® The LHCb idea: to build a single-arm forward spectrometer:
~ 4% of the solid angle (2<n < 5),
~30% of the b hadron production

Letter of Intent, 1995

LHC-B
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The LHCb experiment
/// / [INT.J.MOD. PHYS\30\CZ\5) 1530022]

Excellent tracking and [JINST 3 (2008) S0800
/ particle identification coar HCAL o 1
SPD/PS M3 D)
Magnet RICH2 M M2

T3




The LHCb experiment
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The LHCb experiment

B, —>uu event

~Primary Interaction

F || —
._ .
||
il
..... -= [
]
s ||
-l ;|
=211
N\ .
“

8.9.2011 16:04:18 ¢
Run 101412 Event 8681643 bld 1482" ' )

A3 bld 1487

Impact Parameter (IP) resolution ~ 20 um
Vertex resolution ~ 15um (x,y) - 70um(z)
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The LHCb experiment

e Very good performance: 3 fb'! accumulated in Runl at 7 TeV,
Working well for Run2 at 13TeV, expected 5 fb* at the end of 2017

LHCDb Integrated Recorded Luminosity in pp, 2010-2016

= e 2016 (6.5 TeV): 1.67 fib 2012
2f 2015 (6.5 Tovy: 032 M| e r’
Lo o 2012(0TeV) 208 M [
Lol o oom@steveinsb | oo
2010 (3.5 TeV): 0.04 /f

Integrated Recorded Luminosity (1/fb)

Month of year

In terms of b-hadrons: N=I.4c5

LHCh Efficiency breakdown in 2016

[ FULLY ON: 87.36 (%)
[ HV: 052 (%)

[ ] VELO safety: 0.82 (%)
I DAQ: 2.31 (%)
I DcadTime: 9.17 (%)

— 0 ~ 600 pb at 13TeV, x 30% (due to the acceptance) = 180 ub

—> bb pairs produced in 1 fbl —

11
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Rare B decays

e b— s,d quark transitions are Flavor Changing Neutral Currents (FCNCs),
— they only can occur through loops (penguin and box diagrams),
excellent probe for physics beyond the SM

leptonic semileptonic radiative _
B o 0 "
W,
t
s w / W
BR~ 107 BR~ 107 BR~ 107

Experimentally — leptons/photons with high transverse momenta
Theoretically — observables can be calculated in terms of Wilson coefficients

G2 2 .
Ex: F(B? —> /,l-'_jll_) ~ 6:702'!% méng:

2 B P
vV [2m,C,

Hadronic uncertainties in decay constants or form factors

13



e Very rare decay:
FCNC and helicity suppressed
BRgy, = 3.66(23) x 10°°

e Searched for over the last 30 years,
observed by LHCb and CMS
[Nature 522 (2015) 68]

9K Updated analysis by LHCb, including
Run2 data

[PRL 118 (2017) 191801]

e B.—>1t*t also searched for at LHCb:
B(B? — 7777) < 6.8x 1073 at 95%
[arXiv:1703.02508 [hep-ex]]

Candidates / ( 50 MeV/c?)

—_— = N Y W W
o Wb o b O i O

Rare B decays: B.opu*u

4.4 fpl [PRL 118 (2017) 191801]
| ! ! ! | ! ! ! | | ! | TO[FLI |
LHCb 7180 __g
BDT > 0.5 -+ B’ - p

------ Combinatorial
- By, — h'h’”

O
B(J

e g™ 06

— (K )u* vy

—mout
- A - pu v
B — J/\|ru+vll
S RRESV WO SNR VIR B U= S M= = = S
5000 5200 5400 5600 5800 6000

m., - [MeV/c?]

B(BY — utp~) =

(3.0 +£0.6703)x 1077

B(BY — ptp~) < 3.4 x 10710 at 95%

— In agreement with the SM
— Theoretical uncertainties (fB(S), Veem)
well below statistical uncertainty

14



Rare B decays: B—>K* )yt

W
Differential branching fraction: dI"/dg? " !

Each g2 region probes different processes

charmonium

resonances
Jh (1S cc o> 0r*
ohoton /Y (1S) //
pole

SM values (u=m,): C, ~-0.33
Cy ~4.27
Cyp~-4.17

(Everything else small or negligible)

¢’ (Gev?) C.=C>M + CNP

(Primed C’; — right handed currents:
suppressed inSM) 15



Rare B decays:

e Differential decay width as function of g%=

BN LCSR Lattice —#-Data

T T T

S ' ' JEe ) =
B* >Kuw
LHCb

+ Tty
2 o+
PRD 71 (2005) 014045 (LCSR)
1F-PRL 111 (2013) 162002 (LQCD)

JHEP 06 (2014) 133
PR S S R

dB/dg? [10°® x ¢4/GeV?]

0 5 0 15 20
¢ [GeV?/c4]

o
—
"
X
.H
o
&

IJI:IE;’ 1611I(2i116) 047
LHCDb

PRD 89 (2014) 094501 (LQ.CD)

dB/dg- |c*GeV~|
- S

Bl} K *0u+ “- _

JHEP 08 (2016) 098 (LCSR)

0.05F _H__._'_ -
I —
: k4 {2s) :
G L " M i 1 L L3 L 1 M L M
0 5 10 15

¢* [GeV?/c4

[10°%GeV 24

2

dB(B}—ouu)/dg

dB(A, = A w7 dg” [107(GeV ety

B—o>K*utu

2
My
9 . —
J2H Yo LH
8 B, ot i LHCD
7 SM pred.
6 = Data
5 .
4 ' I =
3 + EPJ C75 (2015) 3
, _+— JHEPOS (2016) 098 (LCSR) 3
PRD 89 (2014) 094501 (LQCD) 3
| E-JHEP 09 (2015) 179 %i1501.00367 [hep-lat] E
M s M | M " L 1 1 L " L L L M " =]
0 5 10 15
- .
g [GeV-/ct]
L8E ———— — T
1.6 _ M prediction JHEP 06 (2015) 115 _;
L4 :_ == Data _:
L2E Ay >Apte E
1 :— ———e —:
03[ eomeed =
06 = B
04 :_I PRD 87 (2013) 074502 (LQCD) 3
0.2F ] + Jpu ¥(2s) LHCb -
L I — ]
0 5 10 15 20

¢* [GeV¥/c*]

Theory affected by hadronic uncertainties: LCSR + LQCD
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Rare B decays: B—>K* )yt

e Angular distribution in B— K*/-¢*: g and three angles

1 a‘T 9 [3 1 |
= “(1 —(Fp)sin® 0 20k + — (1 —(Fy)) sin® g cos 26
dI'/dg? dcos by dcos i do dg? 327 [-1( @) MUK +@00b K 4( @) SHL VR €08 2b

— @0052 O cos 20, +@sin2 Ok sin? B cos 2¢ +in 20K sin 26, cos ¢

—1—111 205 sin 6y cos o —I—'m2 O cos by —|—in 20k sin by sin o

K
i . P ; 2 .2 Ny
*h +111 20 sin 26, s:mcerm Ok sin” 0, bmch]

« JHEP 02 (2016) 104

\ Z)' * PRL 118 (2017) 111801

\ \ — Deviation from SM ~ 3¢ o eAS BAIAS 008
| rr+ _éq.n : I e e e e B e
« LHCbdata o ATLAS data ]
= Belledata © CMS data i
p! _ Sj=4,5,7,8 0.5 ] SM from DHMV ]
i=4,5,6,8 — i 7 -
; \/FL(l — FL) - 7] SM from ASZB ]
of J i | -
Functions of g2 and Wilson coef. C, [ } L _ ’ }
- L -
Optimized observables: -0.51 - T ﬂﬁ%m
cancellation of form factor [ @ SR [ T
dependencies: P’ -1 ] S N S

0 5 10 15

[Descotes-Genon et al, JHEP 05 (2013) 137]



Rare B decays: B>K*lu*u

Understanding effects from charm: v

¢ Phase difference between short- and long-distance
amplitudes in the B*— K*u*u~ decay [EPJ C(2017) 77]

— dI'/dm,,, is a function of form factors and C;

— C&ff expressed as a sum of relativistic Breit-Wigner
amplitudes: magnitudes and phases extracted from data
— Form factors from FNAL & MILC [PRD 93(16)025026]
300 p~——T————T——— -~
JsoE LHCP 980000 V|| 5
3—3 —e— data B+_>K+H+H_
> 200 F =—— total
§ ------- short-distance
-+ 1 50 f‘CSDanCL‘S
3 """" interference
\c; 100 background
L
=
= 50
=
=
8 - | |
E H i 6y 2 4 6
SN | I R T W NN TR TN T R N TN S LN A RG(CQ)

1000 2000 3000 4000
mis [MeV/c?]

— Small effect of hadronic resonances in Wilson coefficients 18



Rare B decays: R,

e In the SM all leptons are expected to behave in the same way:

Rk =

e Experimentally, use the B*—K*J/y(—e*e’) and
B*—K* J/y(—pu*u) to perform a double ratio

B(BT — K utp™)

B(Bt — KTete™)

e Precise theory prediction due to

cancellation of hadronic form factor uncertainties

T e e e | L 1ih
1-5:_ » ]
1 + SM
Hl——
0.5F .
O: . | M T T T B S TR T R
0 5 10 15 20

g2 [GeVZ/ 4]

=1.000 + O(muz/mbz) (SM)

)

40F

30F

Candidates / (40 MeV/c?

1GeV<qg?<6GeV

Jr | JF 'LHCb'E

5000 5200 5400 5600
m(K*ete™) [MeV/c?]

[PRL 113 (2014) 151601]

RK — 0-745J—r8:8$2

(stat) £ 0.036 (syst)

— Consistent, but

lower, than the SM at 2.6c
19



Rare B decays: R,

B mass vesus g2 for B*>K*/*¢-

25 L T W B e AT I 7 L P S L 103
B+9K+uu m(B) S "Bt>K*ete m(B"). T

LHCb R |l L LHCb
20 Lo RS L
— s 3
X vF
= 10 10 9.
: 10
.__ 5 - I R ) LR LT = -.. _. -.1 =, ¥ l'-"!' = _-_-.'_-.-“_-_ - . T
0 =L o - LA - =1 l 0 - Ei o 2k [ . .| 1 l
4800 3()00 5200 5400 5600 4800 5000 5200 5400 3600

m(K*u*u™) [MeV/c?] m(K*ete”) [MeV/c?]

— T T T T T T T

Jer LHC -

30 B*>K*e*e:

30([ LHCb —
B+ 9 K+ M+H-

=
o

(=]

i200f :
- 20E

100:

Candidates / (40 MeV/c?)

_ . = :
00 5400 5600 5()0(} 5200 5400 5600
[PRL 113 (2014) 151601] (K ) [MeV/e?) m(K*ee’) [MeVc?) 20

Candidates / ( 12.5 MeV/c?)

(e
[T

=)
A
3]



Pulls Candidates per 34 MeV/c2

R0 =

0.045 GeV < g?< 1.1 GeV

Rare B decays: R,.

B(BO%K*OLLJFM_)
B(B"— K*¢te™)

1.1 GeV<g?< 6 GeV

[arXiv:1705.05802 [hep-ex]]

q° [GOVQ /]

m(K*mete) [MeV/c?]

(stat) £ 0.03 (syst)

(stat) £ 0.05 (syst)

- - N ——— - r;lf: fg LHCb
®E LHCb 4 = ¥ LHCb 1 2
0] S S B°—K ete = s % e B"—K Yete 3 O
F B Combinatorial & 25 B Combinatorial § o 14 Sl
15 B—Xe'*e 4 5 2 B—Xe*e 4 T 12
: 1 7 5K Ty 3 10
105— 0.045<g%<L1 [GeVYei ] E 10 + 1.1<¢*<6.0 [GeV*/c*] 3 8§
= 4 = | E 6
: } I < Y E
ST e ] B R e e N 2
4500 5000 5500 6000 4500 5000 3500 6000 ££00 5000
m(K*mete) [MeV/c?] m(K*me*e) [MeV/c?]
7\ T 1 ‘ LI 1 ‘ T 1 1 | 1 1 T ‘ 1 1 T ‘ 1 1 T ‘7
= ] Low g%: SM =0.922(22)
i . K0 = V00 007
08 1
06 _% I g Central g2: SM = 1.000(6)
“F ® LHCh o1l
i BIP 1 R0 = 3¢ '
04 Y CDHMV 7 K* 0.69 = 0.07
B H EOS ]
021 o .
FLIC $ fravied — Consistent, but lower than the SM at
0'0 7\ PR T R R R N T T TN AN N ST [T N S N AN S N S \7 - 2 - 2
0 " 5 T 2.1-2.36 (low g?) and 2.4-2.5c (central g?)



Rare B decays: Ry,

Quick note on experimental issues: ECAL

LOElectron
e LHCb is far better with muons than electrons

e Trigger, reconstruction, selection and particle
. o . . LOIndep.
identification are harder with electrons of signal

e Mass resolution affected by e bremsstrahlung

o | LHCIb ] LOHadron
— need energy recovery 2107 )
- B°— K*0J/) -
e Mass shape modelled according to the 3 5 Jfp—ete~
number of bremsstrahlung recovered =N ]
8 [ | s s i 1 " s s 1 "
U500 5200 54005600,
ECAL m(K*ete ) [MeV/c?]
Magnet
’ Data-MC for the number of y recovered by trigger category
= 60 F T T T T T . T ] g 80 T T T
Y E, b; sof 2 70
s £ Oy s @
2 WF 2 50
< o =
p S 30F £ 40
- 2 g
2 20 g 0
E, ‘ = = 20
E, 10 10
1 N
LOE LOH 101 1OE LOH 101 1OE LOH LOI LOE LOH Lo LOE LOH Lo 22

B > K* J/¥ (— e*e) B—K*y(—e'e)



Rare B decays: B.—>¢y

e Ratio of branching fractions: [Nuc. Phys. B 867 (2013) 1]

B(BY — K*0y)
B(BY — ¢y)

=1.23 £ 0.06 (stat.) & 0.04 (syst.) = 0.10 ( fs/f) W

e Time dependent distribution for B.— 0y is sensitive to the photon polarization
(predlcted to be rlght handed in the SM)

' ] [PRL 118 (2017) 021801]

LHCh —+-Data -

— Model 0.3 T
400 Bﬂ—)q) ¥ i %\ - Signal ]
B Peaking 0.25

4000

Missing kaon ™

candidates

Combinatorial J

e
S}

-
- s
9!
o
w
—h
(on
AN

Candidates /(25 Me\f!c'f)

Ratio of candidate yields

200 — +
- . [T
100 0.15F + H e 3
0 et e - ]
5000 5500 6000 - i
m(gy) [MeV/e?] 0.1 n . FD-?ta .
CionoE 1rcn : I 0.05F SM E
<3000F LHCh + Data 3 E \ ]
Z o ennF — Model 3 C ]
o Bk R oo T T 10
=2 54000 _ LA S t [ps]
S1500F . H Missing pion -
= - candidates /: ]
A ,- S pokrx A agQ +0.46 +0.23 +0.029
% 10005_ :C'mubiuuluriaE A - (] ’ ')8 - 052 - 020 ASI\/I — 0 047 0 0245
= =

o=

00 00 6000 —> Compatible with the SM within 2c
m(K*y) [MeV/c?]



Rare B decays

Global fits (some cases with more than 100 observables)

T T T
A R+
':|
S of <
o =
—1-‘ -------------------------------------- . =
—0.51 ,/// —— LFU observables BS = HH
=2 CARRER A R AARRAARARR RS ] — |- b — spp global fit 5
! : g : : ] | all -2t
3: Matl;as et al' 170405340 ] —Lo flavio vo21 ——-all, fivefold non-FF hadr. uncert. Grinstein et al' 1704.05446
bt ] N P N R S S . : : : | : : -3 . . . ‘ ‘
-3 -2 -1 0 1 2 3 —20 -15 -10 —05 00 05 1.0 L5 -4 -3 -2 -1 0 1 2 3
NP Re ('vg 60?
Co, ?

New Physics hypothesis preferred over SM by more than 4 - 56
Main effect on the Cs. coefficient: 4.275M -1.1NP

Triggered models with Z’, leptoquarks (LQ), and composite Higgs

24
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Semileptonic B decays P

we -5 d
® b— c,u quark transitions proceed at tree level b - I!EIE' - u
Vub is the smallest CKM element ~ 4%o d > d
Key constraint in the flavour picture PDG _ Exclusive lInclusive
2 . g . g
1 .'5 IE'»I:*-“:IEI:I ;rala h;a éleo.;‘ 1 T T 1 I% 1T 1T | T 1771 | T 1T T 1 ] 006
- R i 2008 . .
10 ; % Unitarity triangle -
- F - Amg.& Am, ] 2010 ¢ ®
- sin2f : ]
05 L VL ] 2012 T —_— —
L €k ] 2014 | —,—  ——
£ 0.0 [ , —
oo 6} ] 2016 e
sl [ Vb g p 4 0.0025 0.0035  0.0045  0.0055
a0l Y & Large discrepancies
: % R between |V | from
. I I | | I I | i I T | | I | | I | | I | ] M M M
B Ty different determinations
P (~30)
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Candidates/(50 MeV/c2)

Semileptonic B decays: V,, V,,

e Using semileptonic decays of b-baryons: [Nature Physics 10 (2015) 1038]

B(Ag%pu'_vu) L |Vub|2
B(Ay— Arp=v,) |Vgl?

PV SV L, ies
ek
_ 2 42y
Meorr = mh,u pJ_ pJ_
18,000 -
- [ Combinatorial LHCb
15000 MM Mis-identified signal
- [ D%uv A,—>puv
T ARuv
12,000 — [ Alpv
C N*uv
9000 WPV
6,000 |—
3,000 —

O f
3,000 4,000 5,000
Corrected pu™ mass (MeV/c2)

/ (5% accuracy from LQCD)

x Ratio of form factors

[RBC & UKQCD, PRD 92 (2015) 034503]

|Vub|
|Vcb|

=0.08310.004 =0.004

| T I I
PDG 2014 +
CKM fitter +
MILC 2015 +

— A,—puv (LHCb)

36 38

40 42 44
V| x 10’



Semileptonic B decays: Ry Ry

e Another test of lepton universality (now at tree level):

Ratio of semi-tauonic and semi-muonic branching fractions: _
-
W—/H—“"é ET
S b= (%)
B{. 3§ 9. °}D

Sensitive to charged Higgs bosons and leptoquarks

B(B' - D* "t 1,)
BB - D*"up,)

R(D*) =

SM predictions very precise : (V, and form factors (partially) cancel)

Based on HQET form factors:

R(D)¢,=0.299 £ 0.003 [H. Na et al., PRD 92 (2015) 054510]
" [Fajfer, Kamenic, NiSandiz¢é: PRD85 (2012) 094025]
R(D )SM=O'252 +0.003 and experimental measurements (HFLAV)

[D.Bigi, Gambino, PRD 94 (2016) 094008]

& BaBar measured an excess of E"—)D(*)r'VT (30 away from SM) [PRD 88 (2013) 072012]

Nature 546(2017)227
D¢ LHCb has performed two analyses: [Nature 546(2017)227]

/} 4 = BOD**t°v,, with T—>p Vv, [PRL 115 (2015) 111803]

= B0O—D*1ttv, with Tt ntnl® v (NEW!) [LHCb-PAPER-2017-17] -



Candidates / (0.3 GeV'/c! )

Pulls

Semileptonic B decays

o Using|T >V, Vv,

¢ Information from the missing mass squared m

in several g2 bins

4000 035 <q? < 12.60 GeV/e* LHCb ]

?=(Pg-Pp«-P,)* and muon energy

miss

R(D*) = 0.336 + 0.027(stat) + 0.030(syst)
[PRL 115 (2015) 111803]

normalization

3000

signal
2000

. Data
I B —D'v
I B — D*H.(— X)X
I B - D"
- Il E — D'uv
Combinatorial
| Misidentified 1

1000

..... Y M cegccy

m2. (GeV*/cH)
miss

e New analysis by LHCb: using

e Information from the position of the three pions
e Normalized to B>—>D*n*nrtt

R(D*) = 0.285 £ 0.019 + 0.025 & 0.014

[LHCb-PAPER-2017-17]

P
+ I ~ e —
T ST TV, o ' ' ]
gé 3500 3fb—1 LHCb Preliminary
) e Data ]
Q 3000 —— Total model =
jan Dty
S 2500 -y =
= D*Ds X
Z 2000 DD+ X =
5 Vi
:,:3 1500 =c0111b.Abkg. E
O
> 1
@R
0 0.0005 0.001 0.0015 0.00:

37 decay time T [nsec]



R(D*)

Semileptonic B decays

e Global picture of R and Ry«

0.35

0.3

0.25

— About 4o deviation from SM

T T T T I T T T T T T T T I T T T T
[ ——— BaBar, PRL109,101802(2012) 2 -
- ——— Belle, PRD92.072014(2015) Ay”= 1.0 contours ]
— LHCb, PRL115,111803(2015) == SM Predictions —
[ ——— Belle, PRD94,072007(2016) R(D)=0.300(8) HPQCD (2015) _
[ —— Belle, arXiv:1612.00529 R(D)=0.299(11) FNAL/MILC (2015) ]
— [0 Average R(D*)=0.252(3) S. Fajfer et al. (2012) —]
= l Moriond EW 2017 I:—
C | P(2) = 67.4%
2 0.3 0.4 0.5 0.6
R(D)

BaBar had tag

PRD 88 (2013) 072012
0332+ 0024+ 0018
Belle had tag

PRD 92 (2015) 072014
0.293+£ 0.038 = 0.015
Belle SL tag

PRD 94 (2016) 072007
0.302+ 0.030+0.011
Belle 1-prong

PRL 118 (2017) 211801
0.270 £ 0.035 £ 0.027
LHCb muonic

PRL 115 (2015) 111803
0.336 + 0.027 = 0.030
LHCb 3-prong
LHCb-PAPER-2017-017
0.285+ 0.019 = 0.029

LHCD average
0.306 =+ 0.016 = 0.022

Fajfer et al. (SM)

PRD 85 (2012) 094025
0.252+0.003

0.1

04
R(D‘n‘:)
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Wish list
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Galatea of the Spheres (1952)



Wish list for Lattice

e Decisive inputs to solve some long-standing puzzles:

value
0.0060 ; .p_ 1.0

13~

0.0055 0.9 . * FNALMILC
............ 0.8 12?& + HPQCD
0.0050 r ® BaBar

o Belle

0.7 L1

0.5 f %
09 [ 5

0.4

0.0045

5,
:_, .0040

0.0035 S = oslh
B 3 0.3 i
0.0030 — IV |J’|V | ] O'?:—
[T, - 02 Lattice uncertainty < 1%
0.0025 — — i
B 1 Bo0.1 0L . . . : _ .
C ICHEP 16 ] o ras CL = 0.95 ] 0.00 0.01 0.02 0.03 0.04 0.05 0.06
0.0020 Tt [ NI ——, , .. 0.0 Jorm factors f,(z) (upper plot) and fy(z) (lower plot)
0.032 0034 0.036 0.038 0.040 0.042 0.044 0.046 0.048
/ Vool ‘\ Fit to Lattice + B-factories data
Large difference between [D. Bigi and Gambino, PRD 94 (16) 094008,

D. Bigi, Gambino, Schacht PLB769(2017)441

VCb exclusive and VCb inclusive Grinstein and Kobach, arXiv:1703.08170 [hep-ph]]

from form factor parameterizatios (BGL/CLN)?

Also important for Ry, calculation 33



Wi ish list for Lattice

B — D*) form factors, affecting V,, Ry, at different g2 values.

%%/ Other form factors (B, B, and A, decays) to perform semitauonic over

semileptonic rates; A,—p/v form factors from other group.

g V, and V,, they are inputs for BR calculation in many rare decays.

B, decay constant, even if at present the B.—>u*p BR is limited by
experimental uncertainties, it will be key in the coming years to confirm

new physics scenarios.

“ B—>K®*) form factors; effect from unstable vector resonances in form factor

predictions; form factors for higher states.

~+2 Charm contributions in b—>s¢/ transitions, maybe above the open-charm

threshold to be checked against data.
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Conclusions

e Deviations from the Standard Model in the flavour sector have been
found by LHCb and other experiments:

* Differential branching fractions: BO>K*0u*-, B*>K*)putye, B.>outw,
B*>mru*u and A, > Aptpe

— Affected by hadronic uncertainties in the theory predictions

Angular analyses: BO>K*0u*p, B.>optu, BO>K*%te and A, > Apty

— Observables with smaller theory uncertainties

* Test of Lepton Flavour Universality : B*>K*/*/- and BO>K*0¢*¢-: B—>D(*)tv

— Hadronic uncertainties in theory predictions cancel in ratios

e Deviations show a consistent pattern in global fits, pointing to new

physics in the Wilson coefficient Cop affecting differently to lepton families.

— Difficult to be explained by just experimental effects.

— Difficult to be explained by just QCD effects...
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Conclusions

LHCb Run 2 in progress... (+ Upgrade)

LHCb Integrated Luminosity in p-p in 2017

. _ Integraled LHCh Efficiency breakdown _ —
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And many new and interesting results from Lattice at this conference!

Time is a great thickener of things...
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