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Why bother with more flavor physics?

The goal is a much sharper picture of flavor processes
=l Improved sensitivity to footprints of new physics.
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Why bother with more flavor physics?

CP Violation remains an open guestion

| CKM mechanism is the primary source of observed CPV
I  Kaons and B hadrons are the sole sources of CPV & T -Violation

I No evidence for CPV in the charm system

I No evidence for EDM
I Time-Reversal (T) violation is observed in the B system - in balance
with the observed CPV, supporting CPT invariance.

| Rare flavor processes remain good probes of new sources
of CPV- present in most scenarios of new physics

I SM CP Violation is unable to account for baryon asymmetry in
universe



Why bother with more flavor physics?

Some anomalies persist, and
the list is growing

b Hints of lepton flavor non -universality

b Tensions in angular distribution of radiative decays

b K!-puzzle

bV, and V. :Inclusive vs exclusive measurements

b Sin2" tension (direct vs CKM fit)



The LHCDb Detector

A Single Arm Spectrometer at LHC
! inei=70-80 mb Acceptance: $%&%&%(
l .c.~6 mb (7 TeV) |
1 .~80 pb (7 TeV)
| ,p~280 pb (7 TeV)
| ,,~500 pb (14 TeV)

1 ' peaked forward or // oap HOAL
backward with ~25% in . Rt b3
detector acceptance

LHCb MC
Vs=8TeV

Access to all species of

B hadrons JINST 3 (2008) S08005.
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LHCDb Status

Operates at Inst Luminosity ~4x10 32 cm2 s-!

D Beam separation is adjusted to keep the
luminosity constant.

In Run 2, mean number of visible LHCb 2015 Trigger Diagram
collisions/beam -crossing ~1.1 40 MHz bunch crossing rate

Recorded Luminosity ~8fb -1

LO Hardware Trigger : 1 MHz

readout, high Ev/Pr signatures

LHCb Cumulative Integrated Recorded Luminosity in pp, 2010-2018 450 kHz 400 kHz 150 kHz
- ®  2018(65TeV): 1.00/b h#* B/ pp e/y
2 sE . 2017 (6.542.51 TeVE: 1.71 /b + 010 /b [ o fl = -
< - /
. - L] 2016 (6.5 TeV): 1.67 /fb
-2? 7 - 2015 (6.5 TeV): 0.33 /fb .
= - o 2012 (4.0TeV): 208/ . Software High Level Trigger
8 C o 2011 (3.5 TeV): 1.11 /fb - -
= 6 - 2010 (3.5 TeV): 0.04 /fb Partial event reconstruction, select
3 oF 2 displaced tracks/vertices and dimuons
a
° - /
Q - .
'g 4 = L'S1 J Buffer events to disk, perform online
3 - detector calibration and alignment
o 8 -
° - . .
% 2 = Full offline-like event selection, mixture
= - of inclusive and exclusive triggers
o) 1= f
g - O O .
92010 2011 2012 2013 2014 2015 2016 2017 2018 12.5 kHz (0.6 GB/s) to storage

Year
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Candidates / (50 MeV/c?)
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»New Physics search via CKM meterology

»New Physics search in FCNC processes:
Observation of B->puw
Precise measurements of B 2K [+]-

» Tests of Lepton Flavor Universality
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Continue to sharpen the CKM picture
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Status of CKM (2018)
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All is well with the CKM picture at O(10%) level.

Direct

CKM fit
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Status of CKM (2018)
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New Physics Through Mixing
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New Physics Through Mixing

All is well with the CKM picture at O(10%) level
"#$%&'$()*+,-+$.)#"/0)$1,2,30

b uct
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Search for New Physics footprint in other FCNC Processes
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Candidates / ( 50 MeV/c?)

B' H+H!
'‘DE;.&3*FFG33&3H:.2&DH&!"#

I"HS  Q&H'(&)*+&,
Br(B — w'w )= 28%)x10° 620

Wit
q |

b e u* Br(Bg —_ ‘u""u")= (3-9::‘64)X 10—10 (2 {417
B:/d t,c,u‘q a\ ) ATLAS: Br(Bg - uu)=(0. -(1iz13)x 10°° -/&0123/84/8
d/

- - - - T} #56789,6:&+;/&<=&>,?
W-’z_ 00 i + - +
"#$ %&'( Br(BY? — u*u )= (3.0=0.63;)x 107
%%+, -$.+ /+$01/+23

"#$ )+, @&/A&BS ;B&)*+& -BBGFHIJG&KIBGHILG&F;+3I3HG+H&MIF
sf T e = 7(BY = pF ™) =2.04 +0.44 + 0.05 ps,
30} LHCb — =Bl uu E
< - BDT > 0.5 ('“m“;lt;:‘nm[ 3 8 LHCb

weee B = T(KOpty,

- B™ 5 2"

Weighted B® — p*p~ candidates / (1 ps)

4
orece: Ay = PRV,
10 >, B — Jiyu'v,
s T _{,_
pAramas e n. .:'is,‘......-‘:-\ ----- v
0 . P T T ~/~ LA - r
5000 5200 5400 5600 5800 6000 0 5 10

m., [MeV/e?] Decay time [ps] 154



B! H+“!
'GM;.&3*FFB33&3A;.2&GA&!"#

"HS O6&H(&)*+&,
Br(B} — u'u )= (2873;)x 107 6.20

[arXiv:1411.4413,

Br(Bso - M+M-)= (3922)" 10-10 Nature 522 (2015) 68]

-*.1&0123/&4/&

ATLAS: Br (Bo g #+P‘_)= (0'9“‘1 )x 10° #56789,6:8+//8<=8>,?
4% %&( Br(B — u*u )= (3.0 0.6%3)x 10

Y*%$+, $ +,/+$01/+23

D. Sfra'ub i
#,+3@3AB+ALC@AL&( s | |
SM :Br(B? — u'u )= (3.66=0.23)x 10 :; »
(BDB.BE2&F;+3A.G@+@+H&IG.GIBAB&
3IGFB&;K&+BC&I123@F3&J;LBE3 ;

10° x BR(B, = u*pu~)



oS

A FB

@-$*.'7:&&'%,<:&%$'%,%&3** IF ! ;"$7($8"6'0-.2' =>?) N:,'0'6%.%

C! DERSH’

I"#"$%&'()*"$#%) & * +*" *- -#".('["0'

B8"-,.$-<:-,<'$"™*:&.*

v I I
0.5+ N
0 !
[D—
L LHCb
I M SM from ABSZ |
0.5+ —
s l . s PR l . PR
0 10 15

JH'$%&E(8:%.%)-&-.Y(7'=>7)

q* [GeV¥ 4]

Q|

123*-4*+"5.$%4."6'7$(8'6-77"$",.-%0&'$%."*C

1$"4-+"8"%6*$"8", ¥%$" (0';(**-)&"
5 0-.2'8%$<"* %0, -* -4*(Z5?) +,4&:6- <" " *
(7'=";.(, @&YoH($'A,#"$*%&-.3B'

[JHEP 02 (2016) 104]

i v | ! | ! ! ! ! | ! ! ! :
2 - —
LHCb ]
1= SM from DHMV—:
ot .

0 —
N | r—+—< ]
! —4— R S
1 -
2 .
C | 1 1 1 1 1 1 | L :

0 5 10 15

$"*:&.*0-.2'"'K'HIOL

¢ [GeV?/c*]

17#



- #$ﬁ>+u!

?+*+,-'04;+,*-4.+,  K+D;535*+30'L+='
I~ 1 M>6:5/;:K+N3,-/3+G'7,01'G577+,+D35-." -3+;

l+
Y ﬁ;;< - W Vo T M,+/5;+'1+-;<,+1+D3;'-,+'D0="20;;54 .+

W PR =53>".-,E+",3-35;35/;'089:4 KD/.<G5DE'3+;;
W 07'8+230D'C.-*0,'0OD5*+,;-.536J'

eS|

B

S
ES]|
Q|

C5,;3'7<..'-DE<.-,'-D-.6;5;'07'!"! " ®fu*u! 2+,70,1+G'=5389:4 H<D'l'G-3-
301+'5D3,5E<GDE' +:<.3!' [JHEP 02 (2016) 104]

— e — A T T T
0.5 . e LHCbdata © ATLAS data .
i - —_— S = Belle data CMS data i
i ) 0.5 ~ | SM from DHM\ -
I !—F | - % PASM from ASZB 1

0? ¢ oF |
I LHCb ] ~0.5F j— —4—7 |
- S— _—F — 3

T B SM from ABSZ | [ @: TS
05+ - B . | ]
L P RPN R ~1= eI O e . -

0 5 10 15 0 5 10 15
a* [GeV?¥/c4 a2 [GeV?/ ¢4

)+, 1012-3-45.5360789:4 ,+:<.3:'=53>'?2@'&(AB" 184



Tests of Lepton Flavor Universality in B! K® |-
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Tests of Lepton Flavor Universality in B!
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Tests of Lepton Flavor Universality in B! K® |-
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Tests of Lepton Flavor Universality (2)
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Uncertainties partly d ue to scalar form factors - helicity suppressed
contributions that are negligible for e & 1 channels



Tests of Lepton Flavor Universality (2)
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contributions that are negligible for e & 1 channels
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I PRD 74 (2006) 074008

Range 0.25 - 0.28

05 0
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R(D*)

05 1
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Experimental Landscape

LHCb phase-1 Upgrade =
HLLHC ———p
2019 2021 2024 2027 2030
Run 2 Run 3 Run 4 RUNS &
un un un beyond
1"
LHCDb LHCb Upgrade | & Belle -II LHCb-Upgrade Il
~8fb -1 50 fb -1 50 ab-1 300 fb -1
$%¥ata from ATLAS and CMS for some key channels
LHC Period of Maximum £  Cumulative
Run data taking I Al Pile up
Current detector 1 & 2 2010-2012, 2015-2018 4 x 10° 8 1.1
Phase-1 Upgrade 3 & 4 2021-2023, 2026-2029 2 x 10% 50 6
Phase-2 Upgrade 5 —  2031-2033, 2035 — 2 x 103 300 50
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The LHCb upgrade-I: Trigger
48=1)6$8&('1&#+)%$((&(=)%,>$8%,/)8"2'%); 1" (=, #)HBI@<#%&==,%)/;1,8,

I"H$Y6"H&'()'*) +&,-.))0&#1)2345)67)-&8&H#
3$/#)%"&/,)9. :$HH)/#"+)<,-'0)2)345

| C,0):%&==,9%)BB'%";1E
" F,8'G,)67)H1"%.0"%,)#%&==,%
"FUSH)HL,). H#,H%) #)#1,)I7)345)64@);-; K)%"#,
" 3'G,)#)")*$--+)*- L&<-,)*#0" %, ) #% &==,%

I 8"?'% $B=%".,)"*) 64@<.#,:#'%)%,>$&%,.E
# Replace all FE electronics & DAQ system

# Replace all Tracking sub -detectors
# Upgrade of RICH photo -detectors and optics

AB=9%".,):%8&==,%

LHCb Upgrade Trigger Diagram

30 MHz inelastic event rate
(full rate event building)

ooooooooooooooooooooooooooooooooooo
.

-Software High Level Trigger

Full event reconstruction, inclusive and
exclusive kinematic/geometric selections

Buffer events to disk, perform online

detector calibration and alignment

Add offline precision particle identification
and track quality information to selections

Output full event information for inclusive
triggers, trigger candidates and related
primary vertices for exclusive triggers

L

S e _
2-5 GB/s to storage
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Upgrade-|

Tracking system :

New downstream tracker ( Sci Fiber)

Pixel)

Muon System:

" ' New VELO (Si strip !
!- fi&%fj.?:iﬁgﬁ/(@ N:x upstreamI fr:fker (TT) (Si)
-+$123%$1458

Magnet

Remove M1

M2-5 fine for 1x10 33
May need upgrade of
inner region at 2x10 33

ECAL HCAL

¢ SPD/PS
) RICH2 M\

I'3

..............

RICH 1 & RICH 2

HPD!' MaPMT

New 40 MHz R/O

RICH1: new optics
remove aerogel

Y 'y L
LT R S s
Calorimeter:

New 40 MHz R/O
Lower PMT gain to reduce anode current
Remove SPD & PS
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Further in Future: Upgrade -l

LHCDb phase-1 Upgrade >
HLLHC —p
2019 2021 2024 2027 2030

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

Expression of Interest
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Upgrade-II: Challenges

LHCDb phase-1 Upgrade >
HLLHC ——p
2019 2021 2024 2027 2030

| I"HHS068 (& ) S (*%0)*+,&F'-./012 *('34((*56$'7*88'+8,%69$('&4": 438 + (k="
H#$)"+&*4%>'?'(8*$6)*%9 @' A#*36$8 6 * B$&* CH BRI R@'&4'F'100'B5

| H&YORAA((*%'FIO"K( /@' %AT7>'?' A, +L'M"6&*36*+*&D",('8*98",('LIJOON
| O*66'%$$)','%$7'&H, +L*%69'(D(&$C'?"&8*%%$H 3*. $6('7*&8'B*%$H O#,%"6,#*&D'
C$,("#$C$%&(*%'PQER
| :C3#4K$)'::S'?' 1,644 CSHESHDT*&S8'B*%$'9#, %" 6 BS@IA0 >'
| O*66'%$3$) *%%4K, &*K$' (46" 8&*4%('&4'&8S $Y4#CA" (*%+#S,($+%"),&, '#,&$'<'UH
2IMT>'

| V$.&N'% ##47'&8%'(3,+$'4B'(46"8*4%(',%)")SK$643' ASW
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Upgrade-II: Physics Goals

LHCb phase-1 Upgrade =
HL LHC —p
2019 2021 2024 2027 2030

"H$%&& () (+*,)-%$%8&-.&/01'--%2. +BB50 64#7$829%, .

e A comprehensive measurement programme of observables in a wide range of b — sl™I~ and
b — dI*1~ transitions, many not accessible in the current experiment or Phase-1 Upgrade,
employing both muon and electron modes;

e Measurements of the CP-violating phases v and ¢s with a precision of 0.4° and 3 mrad,
respectively;

e Measurement of R = B(B° — p*p™)/B(B? — p* ™) with an uncertainty of 20%, and the

first precise measurements of associated BY — pu*u~ observables;

e A wide-ranging set of lepton-universality tests in b — ¢/~ 17} decays, exploiting the full range

of b-hadrons;

e CP-violation studies in charm with 10~ precision.
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A much sharper picture to emerge

1J= @L:: @7AND7?

—
—

67(8**-9(:;<

0.6 |- [ Va/Val+y with 300 fb' LHCb 6.5¢ 1010 {—ey e e

" | ’ < I v I ' '
‘ y UT/it average 2017 ; ] HFAG World Average Jan 2017
| [ Vw/Vel UTit average 2017 sxiof &,'[2 A 0.4~ [l HFAG WA Jan 2017 + LHCb 300/fb .
| - x 10 -
04 a 02 —
‘ @ 2
T a.x1
:_:‘ 0
E -~
x 10
0.2 02
1.x1 .
; N N a 1 a a 1 A a a a a e B A 1 A | A 1
f mm ““ 2.%x10° 4.%x10° 6.x 10~ 8.x10° 04 0.8 09 | 1.1 1.2
0 ....................... Br( B,y ") |(|4'1)|
0 005 01 015 02 02

Now LHCb Belle-11 LHCD -

upgrade | Upgrade I

Data size 50 fbt 50 ab! 300 fbt
"H#$%&$' (#)$%o*+*,-(,..(/(
$0(1%2(,3+%$)4/35%+ 50 10 10 0.40
B'(;8$(%’+$+CO§/%D(’)( " 0.025 0.008 _- 0.003
5,0$)(&D/-(E%F))$-&G(
&D$,)2(F-%$)&/*-8*$i( B! p/Bs' p 90%  ~40% -- ~20%
$I9I1("

Bl K(*)## - ~12% -




Summary comments

Flavor physics remains one of the primary drivers of the search
for the physics beyond SM, as most scenarios of New Physics are
expected to leave a footprint in flavor processes.

I The current data is consistent with the Standard Model,
setting severe constraints on scenarios of New Physics, but
many stones remain unturned.

I There are some areas of tensions with SM, waiting for more

precise measurements. Lepton Flavor Universality is under the
microscope.

The next phase of the program ( LHCb upgrades | & Il) -together
with Belle -1l - will result in a much sharper picture of the physics
of flavor - will resolve or solidify some of the current anomalies
with potential to reveal solid evidence for new physics.
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