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% L HCb detector

:2<n<
* Momentum resolution: 0.4 — 0.6% at 5 — 100 GeV Acceptance: 2 <n <>

* Muon ID efficiency: 97 % with 1-3 % 11— g mis-ID probability
* Electron ID efficiency: 90% with 4% h - e mis-ID probability

* Kaon ID efficiency: 95% with 5 % 11— K mis-ID probability
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LHCb data taking

LHCb 2015 Trigger Diagram

40 MHz bunch crossing rate

> > <>

LO Hardware Trigger : 1 MHz

readout, high Et/Pr signatures

450 kHz
h*
LHCb Cumulative Integrated Recorded Luminosity in pp, 2010-2018

2018 (6.5 TeV): 2.19 /fh : : : . Software High Level Trigger

9 2017 [EE+2'5I TEU}: 171 fb+010M | _. ..................... _. ..................... ................. Partial event reconstruction' select

2016 (6.5 TeV): 1.67 /b : : : displaced tracks/vertices and dimuons
8 2015 (6.5 TeV): 0334 il

2012 (4.0 TeV): 2.08 /fh : : : Buffer events to disk, perform online
v 2011 (3.5 TeV): 1.11 /fb detector calibration and alignment

2010 (3.5 TeV): 0.04 /fb 5 5 5 :

: : Full offline-like event selection, mixture
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% Test Lepton Flavour Universality
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Study of exotic XYZ states

See dedicated talk by Slava Matiunin on Tuesday
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% Study of open charm hadrons

See dedicated talk by Alexey Dzyuba on Friday
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Upgrade scenario
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Upgrade status

Upgrade I: 2019/2020 Upgrade 11: 2030
- Technical Design Reports - Eol, Physics Case
_, construction underway — feasibility studies underway
[CERN-LHCC 2014-001] [CERN-LHCC 2014-016] - . - - - -
[CERN-LHCC 2013-021] [CERN-LHCC 2013-022] [CERN-LHCC-2018-027] [CERN-LHCC-2017-003]
==
UPGRADE

Technical Design Report
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% LHCb upgrade

Upgraded LHCb Detector
To be UPGRADED

R/O Electronics

Detector Channels

HCAL MUON 2-5

HCAL  mMUON 2-5

ECAL

. RICHL

v Less than 10% of LHCb detector channels will be kept

v 100% of R/O electronics will be replaced Event uilder
v NEW DAQ system and DATA CENTER

©F.Alessio
13



Trigger Upgrade

[

(~ LHCb  LHCb Upgrade | |< <
3 g2s

' <
L instantaneous (<7 >5™") 4%10% 2 X 1033 E E 2

Pile-up 1.1 6 i =
b-hadron per evt. 0.003 0.02 2 %1-5

c-hadron per evt. 0.04 0.22 & =
light,long-lived per evt. 0.51 2.08 T .
/= 05

Low level

Current LHCb .—o[

calorimeter, muon

informations

trigger

Hardware

Readout

0

[CERN-LHCC-2011-001] LHGb Trigger
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Physics reach bpttleneck
@ higher luminosity
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Luminosity { x 10%)

Readout

To tape

Modify trigger to fully exploit higher collision rate
— read out full detector at 40 MHz
- operate software trigger at 40 MHz input rate

Software

To tape
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Trigger Upgrade

LHCb Upgrade Trigger Diagram

30 MHz inelastic event rate 40 MHz readout. Aggregate 40 Thit/s.
(full rate event building)

- Software High Level Trigger % Tracking, followed by high efficiency

ﬁ 1-, 2-displaced tracks inclusive selections
Full event reconstruction, inclusive and .
exclusive kinematic/geometric selections — reduce to 1 Thit/s

Disk buffering and online
Buffer events to disk, perform online é-——J? calibration/alignement mechanisms

demonstrated in Run 2.

detector calibration and alignment

' \ Full reconstruction including particle
Add offline precision particle identification identification + pure and efficient
and track quality information to selections : :

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

[arXiv:1604.05596]

~ J Turbo stream for high rate signals
= . . 4:1_|> Analysis on tri bject, onl
~10 GB/s to storage — Analysis on trigger object, only save
what is necessary from the event
15




Current VELO:

21 layers of silicon micro-strips

— 170 k readout channels

Inside LHC vacuum chamber

— active area at 8.2 mm from beam

- separated from beam only by a
300 um thin aluminium foll

VELO Upgrade:

26 layers of silicon pixel detectors

— 41 million readout channels

Even closer to beam

- active area 8.2 - 5.1 mm

Even less material

— thinner sensors (300 —» 200 pm)

— thinner aluminum foil (300 - 250 um)
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VELO performance

[LHCb simulation

T 23
p. [GeV~c]

Current VELO in
upgrade conditions

1 Upgraded VELO in
5 upgrade conditions
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Current: TT
4 layers of silicon micro-strips

— 183 um pitch
- 40, 30, 20, 10 cm in length

- 143 k readout channels

Upgrade: UT

4 layers of silicon micro-strips,
but finer granularity

— 190 and 95 pm pitch

- 10 and 5 cm in length

— 537 k readout channels
and better radiation hardness
New readout chip, compatible
with 40 MHz readout scheme

1718 mm

A

1528 mm

(=21

{=2]

{==]

3

3
1338 mm
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(§48% Upstream tracking performance
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o Downstream tracking

Current: IT & OT

3 stations with 4 layers each

— silicon micro-strips in innermost
region

- straw drift tubes in outer region
- 130 k + 54 k readout channels

Upgrade: SciFi
3 stations of scintillating fibres
- 2.5 mlong, 250 um diameter

- read out with silicon
photomultipliers g

x 3 =12 layers

- 590 k readout channels




ﬁ% Downstream tracking performance
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Physics performance

arXiv 1808.08865

End of Run 3
Observable Current LHCb LHCb 2025 Belle 11 Upgrade II ATLAS & CMS
EW Penguins
R (1 <¢*<6GeV2c?h 0.1 [274 0.025 0.036 0.007
R+ (1< ¢ < 6GeV3ct) 0.1 275 0.031 0.032 0.008 —
Ry, Ryk, Rr — 0.08, 0.06, 0.18 - 0.02, 0.02, 0.05 -
CKM tests
~, with BY — DF K~ (F30)° [136 4° - 1° -
~, all modes “_Lg:g)o 167 1.5° 1.5° 0.35° -
sin23, with B® — J/yK? 0.04 |609 0.011 0.005 0.003 —
hg, with BS — J/pe 49 mrad |44 14 mrad 4 mrad 22 mrad 610
¢s, with BY — DI D7 170 mrad |49 35 mrad — 9 mrad —
@3%%, with BS — OO 154 mrad (94 39 mrad — 11 mrad Under study 611
as 33 x 1074 211 10 x 104 3% 1074
Vs |/ Ve 6% 1201 3% 1% 1% -
B2, B —ptpu~
B(B® — u*tu™)/B(BY = pt ) 90% 264 34% 10% 21% (612
TBO st p— 22% |264] 8% - 2% -
Sup 0.2
b— ¢~y LUV studies
R(D*) 0.026 215 0.0072 0.005 0.002 -
R(J/v) 0.24 0.071 0.02
Charm
AAcp(KK — 7m) 8.5 x 10~ [613 1.7 x 10714 5.4 x 1074 3.0 x 107° -
Ar (= zsino) 2.8 x 107* [240 4.3 x 107 3.5 x 1074 1.0 x 1077 -
zrsing from DY — Ktn~ 13 x 1074 228 3.2 x 1074 4.6 x 1074 8.0 x 1075

x sin ¢ from multibody decays

(K37) 4.0 x 1075

(Kl7rm) 1.2 x 1074

(K37) 8.0 x 1076 -
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{488 Example: y

Unitarity Triangle: from unitarity
condition of CKM matrix

- all angles and sides related to
observables

— over-constrained fits test
Standard Model

V..V,
y = arg |- e

cd ¥ cb

- theory uncertainty negligible
— measurement uncertainty
still significant and limited

by available statistics
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o Spectroscopy

Argand plot Z(4430) from B> W(2s) K'it
* Spectroscopy: - S
: | LHOb F—
; = - \ —<LHCb 300 fb" T
New dlscovery opportunltles & 0.2} + G
i i — Breit-Wigner
E i L M, = 4475 MeV |
ol R el st
* Potential best Higgs to charm i :
limits @ LHC ol g
SV-tagger BDT separates b and ¢ for the sub-leading '0‘4__ + i
versus leading jet for pp—2VH(bb,cc), where V=2, W - | | i | -
= I 04  -02 0 02
§ : LHCb data 000 Re A, 130y
B oS
oF :
05:_ - [LHCB-PUB-2018-009]
: Initial (no-tagging) sample: E —j200 arX1V180808865
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o LHCb upgrade |
L HL-LHC and ATLAS{CIVIS Ehase glupgrades

/\
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1

1

Install Upgrade | Consolidation and Upgrade II(?)
upgrade maintainance
ﬁ
=A@ Scnir 5 =D X i s =2 X107 e s

Major detector upgrade in LS4 (2030)

« Expression of Interest [CERN-LHCC-2017-003]

e Aim to run at 10 x Upgrade | luminosity and collect 300 fb™

 Challenging conditions for flavour physics (number of visible interactions ~50)
* Physics case document: CERN-LHCC-2018-027

 LHCb may be the only large-scale flavour physics experiment to run in HL-LHC era
25



[CERN-LHCC-2017-003]

LHCDb upgrade I

Magnet Side

Stations

Tungsten MS
Neutron i
Shielding

agnet &
Hlagnet Stations

A
T T

Vertex
Locator

------------
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Downstream tracking

€= Fibre length 200 cm




R

Focusing block

Photodetectors

Quartz plate

Mirrored edge

250 cm

Time Of internally Reflected Cherenkov light

“Time Of interally Reflected CHerenkov light”

— 250 cm long, 1 cm thin slabs of quartz glass
— PID below 10 GeV/c

— time resolution of = 15 ns per track

Mirrored cylindrical surface

Focusing block

Photodetectors

Quartz plate

250 cm
Mirrored edge

66 cm

\128



%I-‘o‘ Conclusion

* LHCDb has finished Run 2 data taking. 10 fb* has been collected.

* LHCDb tests Standard Model by performing precision measurements
of observables with good sensitivity to BSM physics.

* Upgrade | is ongoing: factor 5 in luminosity, full software trigger,
detectors with finer granularity, electronics with 40 MHz readout.

* Upgrade Il in LS5 (around 2030): another factor 10 in luminosity,
detectors with 4D resolution (space and timing), radiation hardness.

* Looking forward to new exciting results!
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LHCDb upgrade

LHCb-TDR-12
Software-only
trigger Upgraded muon
New tracking Upgraded calo FE electronics,
stations FE electronics, remove M1
remove SPD/PS MS
iFi M4
sl EcaL HCAL M3 o

Magnet  tracker 2

[LF

f { New RICH PMTs +

—=H upgraded
electronics
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