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B-Factories !

BaBar and Belle : ~1.1 10? BB

ot Lumi )

LHCb ~ 102 bb in the detector 2011 7 -1
2012 8 ~ 2
2015-2018 13 ~5.5
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bb cross-section is about 5 orders of magnitude larger at the LHC
o(bb- Y(4S)) /o(inelastic) ~ Y4 o(bb- LHC)/6(inelastic) ~ 1/300 at 7 TeV

Continuum suppression Trigger at LHC
at BaBar/Belle(2)

LHC : 15 MHz of

. S visible crossing
continuum is jet like
e_

LHCb : readout of the

detector: 1 MHz

= hardware trigger

B- LHCb
Factories

BB Average B-flight
distance pm

Event multiplicity

Number of channels

Trigger efficiency
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Events/

Events / ( 10 MeV/c?)

Final states with Tt and K : ex of B>
B> (K+ m)pK-

B> (K* m)pm-

Belle

1
01 02 03

D(=2 Kr) K

56 events

165 events

PRL 106 (2011)
231803

Belle full
statistics

553 events

LHCb Run1
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1360 events
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pp. 117-131
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LHC : 15 MHz of
visible crossing

= hardware trigger :

LO Muon pt>1.5-1.8 GeV
LO Electron E; > 2.5 - 3.0 GeV
LO Hadron E7 > 3.5 GeV

Electron channels :

three exclusive trigger categories

Muon channels :

one single muon trigger category

LHCb : readout of the
detector: 1 MHz

K* €€ Generator level, 1.1<g?<6 GeV?/c*
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Q = Etag(l — 2’1U)2

1
0O X ——=

uncertainty on an CP

V@ asymmetry

Multivariate tagging algorithms

Tagging

SS pion

. SS proton
SS kaon (for B?)
0

o s _..->. 0S kaon
b—e —
b— X~ \. 0S muon

0S electron

OS vertex charge
0S Charm

BaBar
Category Etag(%) Q(%)
Lepton 9.7+0.1 8.9+0.1
KaonI 11.3+0.1 9.6 0.1
KaonII 15.9 +£0.1 8.7+0.2
Kaon-Pion | 13.2£0.1 3.9+0.1
Pion 16.8 £0.1 1.9 +0.1
Other 10.6 £0.1 | 0.28+0.03
Total 77.5+£0.1 |+

Belle-2 : expecting similar

performances (37 %)
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At LHCb

differs significantly from a decay
channel to another

Sensitive to nPV




Future plans

B-Factories : at hand 1.1 ab-!

We are here HL-LHC and ATLAS/CMS phase 2 upgrades
» L A o o N NV CIA » A G 0 S N N >
WS T S R, VG R, PSR VS VAR, VR ) DA ' VAR S A AN
P S S S N\ M S S AN S\ S S S S S S A I

9 fb! -1 Upgrade |
Upgrade | t 23t t - 300 b
. Install Upgrade | Consolidation and
construction upgrade maintainance ——
Upgrade 1b
Belle-2 0.5 ab” 50 ab
LHCb : arXiv 1808.08865 Belle-2 arXiv 1808.10567
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LHCb Upgrade |
« Under construction
* Factor 5 in luminosity increase

Replace 90% of the channels
New RO electronics (40 MHz)

New DAQ and data center
Software trigger only
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LHCb Trigger
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51m
beam

New pixel VELO New tracking stations Reduced PMT gain
m from o 5 + new electronics
Si s‘;nps Scifi Remove PRS and SPD
Y e M M5
Sm SPD/PS ., M2
Magnet VT3 RICH?2 p_ljc
T1T2
RICH1
Ve
L or, TT
1|
—5m |- /’ i -
] ] 1 ] | 1 1 ] ] | 1 ] ] | 1 1 1 I | ] >
v 10m 15m Yom z
New photodetectors New shielding .
+ new electronics + new electronics

- Factor 2 increase in efficiency for hadronic B decays (higher for charm)

12



Installation starts in six months!

VELO sensor tiles SciFl module _
testing device SciFl Readoout

CALO electronics

VELO module = N o =1

lllllllll

UT sensor
Test of MUON

electronics

UT staves
construction

Slide from Monica Pepe Altarelli@ LISHEP 2018

RICH MaPMTs PCle40 board

under test




LHCb Upgrade |I _— —
 Factor 10 in luminosity increase UPCRADE |
 Eol and Physics case submitted to LHCC il

current LHCb — Upgrade | ——» Upgrade I|—»
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See Mika’s talk on Monday for ideas on the detector for Upgrade Il and the effect
on physics output



CP violation measurements

With the current precision, CPV well described by the CKM
mechanism

%precise measurements mandatory ") 8
to search for pieces which do not fit BIE 15




CPV in the interference between mixing and decay

EO cI)decay f
de = cl)mix_2 (Ddecoy
_cbdecoy

cI)mix RO

MiIxing Decay
) b Vip, W Vij_ - d B b Vg, ; J’/\V
TR Y R _ B Vol Ko

d Via Vi b d d K
Needs :

By system : 23 * Initial Tagging
B, system : ¢, * Decay time measurement

Xl B Physics Workshop, Marseille 1-3 October 2018



SinZ23 measurement

F(?O(t) — [ce| KY) — T'(B°(t) — [cc] K?)

A ce| K9 IL = -
arcg (1) [(BY(t) — [ce] K?) + [(B(t) — [cd K?)
Ssin(Amt) — C cos(Amt) ,
— : ~ Ssin(Amt) — C cos(Am t)
cosh(AI't/2) + Aarsinh(AT' ¢/2) ,
Sin2 fge(cst |\S|)PV
Needs :

* Initial Tagging
* Decay time measurement

XIll B Physics Workshop, Marseille 1-3 October 2018 17



Candidates / (1 MeV /c?)

Signal yield asymmetry

PRL.

115,031601 (2015)
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JHEP11 (2017) 170
0.4 T T T T

L BY y(25)K?

- B°— Ji e*e VKO
L e B J () KD
0.2 HEEE@ Combination

- LHCb

LHCb Run1 results
still less precise than

BaBar+Belle average

C(B? = [cgK?) = —0.017 £ 0.029
S(B = [|KJ) = 0.760 % 0.034
in(2f) = sin(20,) 2
PRELIMINARY
BaBar - : 0.69 = 0.03 + 0.01
PRD 79 (2009) 072009
BaBar 0.69 + 0.52 + 0.04 + 0.07

PRD 80 &00093 112001

BaBar J/y (hadronic) Kg
PRD 69 (2004) 052001 :

Belle

: 1,56 = 0.42 = 0.21

0.67 = 0.02 = 0.01

PRL 108 (2012) 171802 H

ALEPH ; ' B 0.84 %8 .0.16
PLB 492, 259 (2000) ; -

OPAL § E i 3.20 *18 . 0.50,
EPJ C5, 379 (1998) : j= *
CDF - N 0.79 54
PRD 61, 072005 (2000) ™

LHCb : . 0.76 + 0.03
JHEP 11 (2017) 170 : Mo

Belle5S ' N 0.57 + 0.58 + 0.06
PRL 108 (2012) 171801 *

Average : : 0.70 + 0.02
HFLAV 5 E .

-2 -1 0 1 2 3
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excluded area has CL> 0.95 .

I%%lllll
%
S

@

Trigonometric ambiguity
- need to measure cos 23

Joint BaBar Belle analysis of
B> D> K mm)hO (ho= 70,1, )

Phys.Lett.B624:1-10,2005

- 3 la GGSZ

10 - Y e
0
- 280 { [l Apol* + [Apo|?]
—q(|Apo|* = [Apo[?) cos(AmaAt)
+ 2gn0 (_1)L Im (e_Qi_BADo ’1‘70) sin(AmdAt)}.
Im (Apo Af, ) cos 23

E 3 -
XIIl B Physics Workshop, Marseille 1-3 October 2018 | Re (ADO Aﬁo) Sin 2‘8




60 —~ - 150
(a) BaB®+Belle 5 — [K&x*x}} a" with } (b) BaBw+Belle 5 — [Kix*x7]}} #* with {14()
% Mgy — My | < 150 MeV/& Mgy ) Miges] < TSMeV/* 191y
e e 3
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Two d

ifferent regions of the

D->Ksnr phase space

BE(I)l @

T] PRELIMINARY
O
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>
‘ 5
5
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vy}
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0.4 f S¢, g
5 &E 9
i <0 >, =
02 B ! ?) CDRQ
: )
: S
I T :
. i . _
0'?0.2 0 02 04 06 0.8 1 p

sin 23 = 0.80 = 0.14 (stat.) = 0.06 (syst.) £ 0.03 (model) in agreement with the WA
cos 23 = 0.91 £ 0.22 (stat.) £ 0.09 (syst.) £ 0.07 (model) cos2Bp>0at 3.70

B = (22.5 £ 4.4 (stat.) & 1.2 (syst.) = 0.6 (model))°
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Expected precision on sin 23
Belle 2 in 2025 : 0.006 /7~ \\

No Vertex Leptonic
improvement [improvement \ categories

SJ/ng (50 ab_l)

stat. 0.0035 0.0035 0.0060
syst. reducible 0.0012 0.0012 0.0012
syst. irreducible 0.0082 0.0044 0.0040

LHCb with 50 fb-" : 0.006 if Flavour Tagging performances are
maintained

~ 10 =
< 9F LHCb Simulati 0 4
2016 ] 2 gE R xssk 3
= ] 5 F Comb
0.14 . . ) = om e
3 LHCb unofficial 1 35 ’E E
2 0.12 = £ 6F E
a Upgrade | 3 5 _F E
0.1 E o OF 3
0.08 3 ®4E E
A e 11 35 ¥-. E
. =S E T T e e R -
0.06 - o ) = * B e % 3
3 > 1= 3
0.04 - ‘§ 1:_ =
0.02 - £ oF E

. - 64) <4 4-5 6-7 >7
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 nPVs

nPV



®. measurement

LHCb B~ J/Y ¢(=>KK), but also
« KK above the ¢ resonance

« JAY mm

Needs : %?I
* Initial Tagging |

B
 Decay time measurement L
» Amplitude analysis L

XIll B Physics Workshop, Marseille 1-3 October 2018

J/ ¢ + S-wave
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e p—p— ep—p— 1 ] —
<5 150001 ' ' - 2 1s00Ed 3
§ : [PRL 114 (2015) 041801] LHCh : é) ;tx; [JHEP 08 (2017) 037] E.I-jib —§
%) i ] E ]400;— Above ——2?1020) —z
~ 100001 (b) Nejg ~96k 3 3 12005t the o Swave 3
o - 1 5 1000 — - £,(1525) 3
~ i . ] > 8005 ¢(1680) 3
5 [ 0 region i 600Ef | | — £,(1270) 3
g 5000} ~ 400 BV -\ | — 1,(1750) 3
= - ' 200% o — £,(1950) _;
© ) B S w— f 10
5300 5350 5400 1 —'7 5 —_5
m(J/y K'K) [MeV/c’] my-k- [GeV]
Final LHCb Run | results
JADKTK~ in ¢ region -58 £ 59 + 6 mrad [PRL 114 (2015) 041801]
JAKTK™ in high-mass K"K~ region 119 + 107 + 34 mrad [JHEP 08 (2017) 037]
Jp et 70 + 68 + 8 mrad [PLB 713 (2012) 378]
Overall 1 &+ 37 mrad
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pogfo: [

68% CL contours
(Alog £ =1.15)

0.12
CMS 19.7 fb !

&

ATLAS 19.2 fb !

LHCb 3 fb!

0.06

04 = 02 00 02 'o.'_4'
¢ [rad]
Seems very SM like
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B.—J/U® b—>ccs

Dominated by a tree
diagram

NP can show up in the
mixing

B.— OO, B, —(Kn) (Km)
penguin diagram |- ggg

NP can show up in the mixing
or in the decay (penguin loops)

Xl B Physics Workshop, Marseille 1-3 October 2018 26




BS_)(D(D Signal yield of ~ 8500 candidates (Run1 + 2015 — 2016)

T T T T T T T T T

/;; 3 T T T T T T T T T T T T T T T T :5\ 450 T
(=¥ 10 < T
% LHCb Preliminary ; 400 LHCD Preliminary 3
o0 N -+ 3
< 102 (:: 350 ;
e = 300 3
P < 250 \ E
k: 0 £ 200 N 3
2 R A4 N
g ! £ 100F | 3
S s
lO-I A i i 0 A 3
o I__I T T T T T T T T T T T T T T T T c
< 4505 LHCb Preliminary S 450
o 400E S 400
2 POF 2 350
-§ 300E _g‘ 300
:-c;, 2505 é 250
< 200E <
O g o 200
150 150
100 | 100
S0F SOF .
0‘-.- 0 -y
-1 -1

cosb,

O3
Al

—0.07 £0.13 (stat) +0.03 (syst) rad, | |
1.02 +0.05 (stat) = 0.03 (syst). in good agreement with SM
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BS — ( KTC) ( KTC) Decay Polarizatio;SAmplitudes

b » (K (K )

B! — (K )o K*(892)" SV

B -f\"(w_‘;l (K~ @); VS

B — (K7~ )3 K3(1430)° ST

B — K (1430)°(K )y TS

BY — K*(892)°K*(892)° VWO, VV||, WL

BY K (892)°K3 (1430)° VTO, VT||, VTL

B? — (1430)°K (892)° TVO, TV|, TVL

BY — Kj(1430)°K3(1430)° TTO, TT||y, TTLy, TT|2, TTL,

JHEP 03 (2018) 140

—
B B > (K*'nm ) K )
[ ]B" = &'a K %)
[ B" = (K*'2 (KK
Bl 5~ (K'a)(a)
B! = (K2 )K K
B A= (K aY)
[ Partially reconstructed

LHCb

—_
(oo T S
(= -
o O

800

~ 6000 candidates (Run1)

400 [ ] Combinatorial
Total Model
200 —4— Data

llllllllllllllllllllllll

Candidates / ( 8 MeV/c?)
(o))
(=]
o

0 L 1 1 1 1 1
5000 5200 5400 5600 5800
m(K*mK~m*) [MeV/c?]

¢4 = —0.10 + 0.13 (stat) + 0.14 (syst) rad.
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o

o

SM prediction based on fit of experimental data :

Can be measured in several modes.

o S

Ct

e VA
L 1

Expected precision on 0,

v

B, — J/Yd
B, — ¢¢
B.— Ktnm K=t

LHCb

5 23

50

) [mrad]

CCS
S

UﬁM(¢

1000
LHCb .
] X
100 N
e
[ ] v X
X v
10+ B — (25)6 ¢ X X
x BY— D:D?} y
+ B?— J/YK*K~ high mass ®
1- v BY— J/ynm
x Bl— J/vé
° B_? all ccs
=== ¢ central vglue [CKMFitter Summer 2016]
O. 1 T T T T
5 23 50 300
Integrated Luminosity [fb™!]
With 3 fb!

—36.4 £+ 1.2 mrad

XIll B Physics Workshop, Marseille 1-3 October 2018
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Direct CP violation : y measurement

Pioneered by BaBar and Belle vV V* Tib
y = arg ud ™~ ub ,*—

dus DX

R X
Xb[")x/

a lot of choices for f (should be accessible by D and 5) and X

Theory : Experiment :
* tree diagrams * enough information to extract all th. parameters from data



1-CL

0.4

Moriond 2018 | |

GLW |
ADS
GGSZ

Combined ™| MW

D decay mode . KK, n ...

0.2

I-CL

0.4

0.2F

Yy = (73.5f§€)°

0.8}

0.6

0 50

100

LHCD 1

Preliminary _|

150

y [°]

Result currently dominated by LHCb
y = (74.033)°

B BY decays
" BY decays
I B* decays
I Combination

> LHCb-CONF-2018-002 31




Expected uncertainty on t
6

ne v/ G5 angle

Belle2
10 ab!

ot
I

B
[

w
I

DO
I

LHCb : 9 b
| Run1+2

Expected precision on v (deg)

| —

LHCb

| 23 fo

=== LHCb (arXiv 1808.08865)

= PBelle-2 (arXiv 1808.10567)

/

Belle2
50 ab-!

2020 2025

NB : inputs from BESIII and many modes

2030 2035
Year
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arXiv 1808.08865
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Improvements in lattice QCD

calculations on &

Ultimately : tests of the CKM paradigm at the per mil level ....

Confront tree and loop measurements
Xl B Physics Workshop, Marseille 1-3 October 2018
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A challenge for LHCb
A part of b physics which was thought to be mainly B-Factories
domain and SM-pure




Need to “compensate” for the missing neutrino(s)

The typical signature(s)

X Measurement of IV ,I/IV | using

A0

Discrimination between decays
*Isolation

A) = pp~ v, and A} — A p v,

+Vertex topology -’/"1’@- ..
b
+Kinematics

LHCB-PAPER-2018-024

fpo =0.25+£0.06

The D fractions fit

Yield / (0.05 GeV¥)

III§IIII

Pull

g 8

g

g

g

fpeso = 0.21 + 0.07

o

8

- T
E  LHCb

T =
—— Bkg. sub. data

== B} signal

..... B‘%Doluv —z
—-B'—>D‘0,uv 3
..... B‘%D“o‘uv 3

i Anatomy of the B>D X | v decay

10
Lblorvwo
T

, Marseille 1-3 October 2018
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LFU tests with tree diagrams

%{66 IH[
\/ 33 e

Large BR : the problem is the background [ at least 2 missing neutrinos ] !
The rest of the event is not useful for LHCb. Take advantage of the boost

Precise SM predictions [but some discussions though] ~ 1% for R(D*) , much
worse for R pq;

XIll B Physics Workshop, Marseille 1-3 October 2018 36
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05 BaBar, PRL109.101802(2012) ) i

" [ s Belle, PRD92,072014(2015) Ay~ = 1.0 contours a

_ LHCb, PRL115,111803(2015) e

0.45 - —— Belle, PRD94,072007(2016) === Average of SM predictions -

" [ s Belle, PRL118,211801(2017) Ry, = 0299 + 0003 .

[ e LHCb, PRL120,171802(2018) Ry =0.258 + 0.005 m

04 : Average -
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O
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o

3.8 o from the SM
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A whole set of measurements fitto R(D)& R(D*)

in the pipeline : 0
o R(DM): B - D7y,
R(Ap) : Ap = AT,
0.12 [ [
— Belle—1I Rp
Belle — II Rp-
o — LHCb R, [ .004
LHCb Rp- 003
0.08+ wee LHCD RJ/w i 012 “"Ultimate” SySt.
EESE gfj } 006 ( Guess estimates)

Projected uncertainty
o
=)
S
[

e

o

=
[

0.02[- + additional

observables (t pol)

0.00 | | | | |
2015 2020 2025 2030 2035

Year
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“'Rare decays (searching for NP
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By, s>HH

I

b t g SV - ™
B(B? — ptp) = (3.65+£0.23) x 1077

B(B° — ptp~) = (1.06 £ 0.09) x 10710
. J
SM prediction

PRL 112(2014) 101801

SM : very rare (V,q, helicity suppression)

In NP models with an extended Higgs sector the BR can be largely enhanced
BRMSSM oc tansB/M 4

Clean experimental signature (trigger)
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B, seen by ATLAS, CMS and LHCb

BF(B’ — u*w)
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Candidates / ( 50 MeV/c?)

Events / 40 MeV

The mass resolution is crucial

PRL. 118, 191801
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- Significant improvements
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Expected relative precision on BR(B; — uu)
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Expected uncertainty on BR(B,2>uu)

] ]
=== LLHCb (arXiv 1808.08865)

— = ATLAS (ATL-PHYS-PUB-2018-005)
e CMS (CMS-PAS-FTR-14-015)

_Gsyst - 7 % —

| | | |
2020 2025 2030 2035

Run1-2 Run1-3 Full HL-LHC
LHCD : 23 fb-! LHCb : 300 fb-!
GPD : 300 fb-! GPD : 3000 fb!

Xl B Physics Workshop, Marseille 1-3 October 2018

—h Gsyst ~ 4 %

43



b—> sll| transitions

BO

=B
o)

K*0 B K+ B _
b u/c/t 5

=
+

Wl
o

AT
o]
o ~
32
wl
AN
+
ol
AN
+

W+
v/Z° /Z°

£- /-

Relative importance of the different diagrams varies with g?= M#(£*¢)

Many observables :

o BF (but large theoretical uncertainties due to non-perturbative QCD)

o Ratios of BF (test of Lepton Universality)

o Angular observables
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The R ratios
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Measurements dominated by statistics except for 300 fb-'

0.30 | . .
- Belle — II Ry
_l Belle — II Ry,
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= 0.151 —
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0.05 _
0.00 | | | | I /
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R, = B(B* = wutu)/B(B* — ntete™) kownto 4%
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Angular observables

4 particles final state

: S K-
System described by: _

*3 angles

4 mf;

; are encoding the matrix elements of the decay
Ra’uos of | to remove FF QS' e sensitive to, the Wilson coefﬁugpts



- Angular analysis in bins of g2
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Candidates / 0.1 & rad
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Some tensions

i v 1_ ! ! ! ! | ! ! | ! | ] ! ! ! | ! ! _'
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ATLAS-CONF-2017-023  —|- o
CMS-PAS-BPH-15-008 0

Belle (Phys.Rev.Lett. 118 (2017) no.11, 111801) g* [GeV?/c4]

Other observables in better agreement with SM
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Measurement of the photon polarization with B->K*ee

BY _
b
Re(C- m, Im(C
AL )(q —0) ~2 |é~| ) and Arlr (> = 0) ~2 |C('~| )

g? as low as possible [multiple scattering constraint]
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Candidates / (40 MeV/c?)

Candidates / (0.17 rad)
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Expected uncertainty on A% / Aflm
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Direct comparison of angular distributions for the muonic and
electronic final states

Belle : beam energy constrained mass

full g? region (but the JPsi and Psi(2S) ) PRL118 (2017) 111801
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[ SM from DHMV -
[ NP Example
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Expected precision
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CAUTION

ol

FLOOR

SLIPPERY
|WHEN WET

A significant number of interesting “hints”

Cautiousness is of prime importance :
» Statistical fluctuations
» Experimental artefacts (but the double ratios are
expected to be very robust measurements)
 Theoretical uncertainties ?




Let’s play with NP scenarios

. NP NP / /
scenario  Ci Cio Go 10 Ri/k+ and angular measurements
I —14 0 0 0
same + Rp
I1 —0.7 0.7 0 0
I11 0 0 0.3 0.3 Some right-handed couplings.
IV 0 0 03 -03
1 1 1 I | 1 I I 1 1 I 1 1 I
LHCb Upgrade II - 21‘ ES
Scenario I - A
. R, [16]
LHCb Upgrade II -
Scenario II -
LHCb Upgrade I T
Scenario 111 ™
LHCb Upgrade II -
Scenario IV -
LHCb Run 1
L L L I 1 L L l L L L l L L L
04 0.6 0.8 1 1.2

RX 57



30 contours with
23 b

30 contours _—075]

with 300 fb-!

Different NP scenarios can be cleanly separated

2 2-5_ I I I I I I I I I I I I I I ! I I I I
O L —— SM
& 2 - scenarlo Il
< N 55_ scenarlo |

1

ik
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AReC,
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A lot of models proposed ....

Some are also pointing to Lepton Flavour Violation

Search for B> K(*) e n

arXiv:1807.03267

& 90F

S 0 Belle

< oF Most stringent limit today for this mode

Q I

S 30k

2 50 B(B° — I"*O;L“Le ) < 1.2x107"7

[ -

i of BB - K*u e") < 1.6 x107"7
: £\ BB’ K*uFeT) < 1.8x 1077
O gy 557 556 508 ° 90%CL

M, (GeV/c)

XIll B Physics Workshop, Marseille 1-3 October 2018 59



Search for B(S)ée n JHEP 1803 (2018) 078

O l6F— T 71 T T T =
Q ¢ Data ]
; 14 LHCb — Total =
O 0.7<BDT<1.0 , , .
2 2 (e Combinatorial —
BT Ay = pUvy E
v UE B’ > wutv .
s 8gN ! B! — e*ut -
D) 0 + = .
E 6H P\ TS
O 28 | [ . <L :
O :"E"'["'i' HTLTITIT PP :1;':::. S]oImrrrr—— 4 -_==_|__:
5000 5200 5400 5600 5800
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Limits :
channel observed
B(B°— e;t#q:) 6.3(5.4) x 10~° 7.2 (6.0) if amplitude dominated
B(BO—> ot ) 1.3(1.0) x 10-9 by the light eigenstate
K - i ille 1-3 October 2018 60




See the talk from Dario

Tests of models: Buttazzo on Tuesday
large 1> U transition in a whole set of models
2rXiv:1808.08179 arXiv:1805.09328
10—4‘1111111/11/1
5 BaBar 6.0
Q o 2 s
10~ 4 x &
~ y 3
g% 10 7 / ¥ 30
1082 4 2
- /n/ =1.5 IL\ Belle . 1.5
10—9L w sl ol vl ol |
1017 1015 10-'3 107" 107 1077 -
B(r—-up) 00,00 0.02 0.04 0.06 0.08 0.10 0.12

B(T-3u) x 108

Currently excluded by GPD with 36 fb-'
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Tests of models:

LHCb 300 fb-
Belle 2 50 ab™’
arXiv:1808.08179

104!

DI DI,
BaBar

E my,=1.5TeV Belle

10—9 _L- Ll

FS S NN N NN NN NSRS

07 1086 i 00

B(t-> )
Belle 2 50 ab’

Currently excluded by GPD with 36 fb-'

0’

See the very nice talk from
Dario Buttazzo on Tuesday

arXiv:1805.09328
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LHCb (9 fb': Run1 Run2)



The ultimate place to do b-physics ?
At the Z0 peak : ~ 10'2 bb pairs

BO—> K*0 11

arXiv:1705.11106
———————————
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few thousands signal events
5 T polarization measurement
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High precision-vertex detector (G erex ~
a factor 10 better than LHCb o



Real life considerations

m But a lot of efforts will be needed to make use of huge statistics of 300 fb~?

m Computing, storage, bookkeeping

m Analysis infrastructure (Anton)
m Personpower for many additional modes

m Subtle systematic effects at sub-% level

m Combination with cross-feed between tens (or hundreds) of modes

All of that is doable, but again, a lot of efforts will be needed.

This is also true for LHCb Upgrade 1 and Belle Il !
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Summary

We are in an ideal situation:

Interesting times ahead ! ;



LHCb
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Backup slides
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arXiv 1808.08865

Table 10.1: Summary of prospects for future mensarements of selected Havour observables for LHCH Belle IT and Phase- 1T ATLAS and CMS. The project ed
LHCb sensitivitios take no accomnt of potentinl detector improwements, apart from in the trigger. The Belle-Il sensitivities nme taken from Ref, [608],

Olbservable Current LHCD LHCh 2025 Belle 11 Upgmde 11 ATLAS & CMS
"EW Penguins
Ry (1< ¢ < 6GeV3c) 0.1 (274) 0025 0036 0.007 -
R+ (1< q* < 6GeV3A) 0.1 275 0031 0032 0.008 -
Ry, Rk, R ~ 008,006, 0,18 - 002, 002, 0.05 -
CKM tests
4, with B = D} K- (f§§’° 136 4 - 1¢ -
v, all modes (50 [167) 1.5° 1.5° 0.35° -
sin 28, with BY - J/9 KJ 004 0011 0006 0.008 -
@, with B = Jjg¢ 49 mrad |44 14 mrad - 4 mrad 22 mrad
$a, with BY 5 DD 170 mrad [40 35 mrad = 9 mrad =
d2*, with BY = ¢¢ 154 mrad (04 39 mrad - 11 mrad  Under study [611]
v 33 x 10~ 2 10 % 104 - 3x 1071 -
Vs | AV | 6% 201 3% 1% 1% -
By, Bt
BB Sptp )JB(B = putyu~) 90% (264) 34% - 100 2% 612)
T BO ot 22% 264 8% - 4 -
b — ef "7 LUV studies
R(D") 0.026 [g}sj 17 0.0072 0.005 0.002 -
R(J/) 024 220 0071 - 0.02 -
Charm
AAp (KK —xx) 8.5 %107 613 1.7%x 1074 54x 1074 3.0x10°° -
Ar (= zsing) 2.8 % 107 [240 43x10°° 35x% 1074 1.0 107°° -
xsdng from D" — K*x~ 13 x 10~4 [228 32x1074 46 x 1074 8.0% 1070 -
xan ¢ from mukibody decays ~ (K3x) 4.0 x 107" (Klxx)12x107% (K3x) 8.0 x 107" -
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B-Factories
— — RO +
5 B=B8Y/B
e d/u
et d/u
b = B0 o
| B=B"/B
B':Bt~1:1
Jre=1--

M(Y(4S))=10.58 GeV

only (B*, BY) are produced (no
fragmentation)

(B*, BY) are produced nearly at
rest in the Y(4S) cms

Two pseudoscalar bosons with L=1,
antisymmetric wave function

If the two B could oscillate
independently: they could become a
state made up of two identical
mesons (=bosons), this would be a
symmetric state ...

Two independent b-hadrons produced
Time measured from primary vertex

All types of b-hadrons : Bg and A, also

Fragmentation tracks
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PRL 118 251802 (2017)
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Two experimental approaches for the T reconstruction

r K*
y —)Drv
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D$ o S
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+ PV Az>40 ﬂ_:

JZ * m
P ‘ P P ‘ P I
LHCb results on the R ratios
Run1 data
Observable T decay Value
Rp- = n rtr (%) v | 0.291 £+ 0.019 £ 0.029
Rp- T = W Vuls 0.336 £ 0.027 = 0.030
Rjpp T™ = W Uyl 0.71 £0.17 £ 0.18
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