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The born of LHCb

CERN/LHCC 95-5
- - LHCC/ 18

25 August 1995

Last update

LETTER OF INTENT 28 Maxch 1996

A Dedicated LHC Collider Beauty Experiment In COIlldlng mode instead of ﬁxed'target

for Precision Measurements of CP-Violation

Abstract

The LHC-B Collaboration proposes to build a forward collider detector dedicated to the study
of CP violation and other rare phenomena in the decays of Beauty particles. The forward
geometry results in an average 80 GeV momentum of reconstructed B-mesons and, with mul-
tiple, efficient and redundant triggers, yields large event samples. B-hadron decay products
are efficiently identified by Ring-Imaging Cerenkov Counters, rendering a wide range of multi-
particle final states accessible and providing precise measurements of all angles, a,3 and ~
of the unitarity triangle. The LHC-B microvertex detector capabilities facilitate muiti-vertex
event reconstruction and proper-time measurements with an expected few-percent uncertainty,
permitting measurements of Bs-mixing well beyond the largest conceivable values of z,. LHC-
B would be fully operational at the startup of LHC and requires only a modest luminosity to
reveal its full performance potential.
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.. dedicated to the study of CPV
and other rare phenomena in the
decays of Beauty particles.

.. precise measurements of the
CKM angles...
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The LHCbAdetector
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LHCb: a history of success

» 686 papers, 52093 citations

> Series of significant discoveries
Rare decays
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) .m*ﬂh. ;

M|

LHCb preliminary
¢ Data55fb!

Signal
Background
Same-sign data |

: uhfd.ﬁﬁ by ‘.WH&M.& doded

Fixed-target
Heavy-ions
Dark sector

Electroweak

o7 LHCE - EDﬁgs 1.99 E
E pHe Ysyy =110 GeV — . E
0.6 :_ —— EPOS‘LHC _: I?ﬂl([[I 108 (2012) 151804 .
05 - —— HIJING 1.38 = LEP wmb n.m n @
- ?" —— PYTHIA 6 Phys. Rept. 532 (2013) 119
04F o QGSJET-1104 3 ABie%s o) 110 E
03B ; e I - T —.—
SSpa== E CDFII oo et o
02 ;— = . % Elctro wcal:vFu“(;yli{le‘c‘r etal) | |
01f p-He cross-section § | o, i
- 1 | 1 . o )
0 1 2 3 4 80100 80200 80300 80400 80500
p transverse momentum [GeV/c] my, [MeV]

2023/11/17 wiRfs LR KRFEMEZF

2980 3000 3020 3040

m(*He ) [MeV]

CPV In charm

3060

pentaquarks
Gk W § o

<O

S 180F THCh 13 TeV
%’ 160

"~ 140 +Data

5 — Total

o o Signal

£ ---Background
=t

B

g

O

L t n i L 1 " L L
3600 3700
m,.((Ee) [MeV/c?]

L I L " L
3500

https://www.nikhef.nl/~pkoppenb/particles.ntml

11.0

10.5l

7.5
7.0
6.5
6.0

55

L

2 5.0

Qe

= 4.5

2

3

= 4.0
35
3.0

25

64 new hadrons at LHCb P
74y (6900)

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Date of arXiv submission


https://www.nikhef.nl/~pkoppenb/particles.html

Contents

» Introduction: the past
« LHCb in Run 1&2

» LHCb Upgrade 1: the present
* Run 3&4

» LHCb Upgrade II: the future
e Run 5&6 ...

» Summary



LHCb Upgrades ( -2040)
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Install LHCb Some additions and Install LHCb Upgrade li
Upgrade | improvements Take advantage of HL-LHC
L£=2%x103cm 21 (5x) L£=15x103cm 251 (7.5%)
5.5 visible interactions / crossing 41 visible interactions / crossing
Accumulate 50 fb~1! total Accumulate 300 fb? total
Freshly installed!! Design & R&D phase

2023/11/17 wiRE It AR



LHCb Upgrade |: motivations

» New Physics

« Flavour physics can probe energy scales well beyond the reach of current and
foreseen accelerators

» Physics program limited by LHCb instead of the LHC

» Necessary to push current measurements down to SM precision
« B(B? -» utu~) down to 10% of SM
« CKM angle y down to 1°
2B to precision < 20% of SM value
« Charm CPV down to 10~*

o
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‘ LH C b U pg rade I Install LHCb Some additions and Install LHCb Upgrade II
Upgrade | improvements Take advantage of HL-LHC
Upgrade | Upgrade Ib Upgrade I
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What's the difference?

LHCDb

Side View ECAL HCAL M4 M5
SPD/PS M3
Magnet RICH2 My 1\12 —g |
T3
TITZ
RICHI 1]

LHCb Upgrade |

ecar HCAL

M3

M4 M3

Almost the same?
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LHCb Upgrade I: Run 3&4

A brand new detector!

ECAL HCAL

arXiv:2305.10515

New Upstream Tracker (UT) Mg M3

Silicon strips SeiFi  RICH?2 M2

_ Tracker

M3

New
dedicated

. A
luminometer [ UT .4 \‘3 Jlf K
|

(PLUME) -l .

Vertex -
Locator

New VELO
Pixel detector

ew SciFi Tracker (SciFi)
Scintillating fibres

Linst = 2%1033 cm™2s™! (x5 w.r.t.Run 1)
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LHCb Upgrade |: Run 3&4 (cont.)

CERN-LHCC-2012-007

To be upgraded A brand new detector! arXiv:2305.10515
To be kept
Detector channels R/O electronics DAQ

HCAL MUON 2-5 HCAL  MUON 2-5
ECAL ECAL_

PS VELO PS VELO
SPD SPD

M1 M1

RICH2 RICH2

RICH1 RICH1

M Event Builder
IT IT

a BIG upgrade for LHCb
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LHCb Upgrade I: Data processing and trigger

REAL-TIME

.
e
‘.
.
.
.
..........
.
*.
.

ALIGNMENT &
CALIBRATION

e CALIB G‘/S :
: : EVENTS
30 MHz non-empty pp ' Y OFFLINE

0.5-1.5 PROCESSING
FULL T: I PARTIAL DETECTOR MHz - FULL DETECTOR
' RECONSTRUCTION . . RECONSTRUCTION 26%
?QELEDCC.)"S: & SELECTIONS i & SELECTIONS FULL
(GPU HLT1) 70-200 (CPU HLT2) EVENTS
GB/s
. ‘ wy ANALYSIS
> Removal of LO hardware trigger oo kg PRODUCTIONS &

2.5 USER ANALYSIS
G B/s

- Hadron selection efficiency increased by a factor of 2 Qb

» HLT1 reconstruction on GPUs
> Real time alignment and calibration
» Offline quality reconstruction in HLT2
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HLT1 output throughput to disk
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Event display at 2023: Run 3

LHCH Experiment at CERN

o A

Data recorded: 2023-08-11 13:80:49 GM
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LHCb Upgrade I: VELO

Side View ECAL HCAL

Magnet RICH2

SciFi

=350
= L‘.J‘ P 7] v
Vertex /Sl H 1l _~

4 a i d
Locat’or_

------------------

Silicon micro-strip # Silicon pixel
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LHCb Upgrade |: VELO

> 52 modules for a total of 41M pixels  Silicon pixel detector [ Front | Rear
« Area: 1.2 m?

> Two movable halves = as close as 3.5 mm to the beam to
Improve oyp
« Separation from primary vacuum achieved with 150 um thick RF foil

> Silicon substrate with micro channels carrying CO, for
evaporative cooling
« Designed to cool a load of up to 30W from each module

> New ASIC VeloPix, ~20 Gbit/s in hottest ASIC and total of
~2 Tblt/s

g 3

LHCb simulation
Run 1-2 VELO

Run 3-4 VELO
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LHCb Upgrade I: Upstream Tracker (UT)

Side View ECAL HCAL

Magnet RICH2

SciFi
_ Tracker

‘ =Lt

2 < lu"

(=] .S :
Vel'tex b 2.

Locator / {5/

M3

M4 M>S

S oo fn oo )

Silicon micro-strip # Silicon micro-strip, but ...
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LHCb Upgrade |: UT

Silicon micro-strip detector _ UTlayers sketch

UTbV

»Two layers - four layers (aX,aU,bV,bX) D
»Increasing granularity getting closer to it
Deam L

»Different sensors for different regions
« 250 pm thickness

« Pitch: ~95 — 190 pum

« Sensors mounted on staves (both sides)

« Maximum occupancy: < 1%

»Sensors need to be kept below —5°C
 Bi-phase C0, cooling pipe integrated in stave

»UT installed before cavern closure in 2023
- commissioning ongoing!

--x-‘.amﬁ%
sﬁ% 2

¥
Ty
¥

UTséen from rﬁa. ﬁtéft"
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Upgrade |: UT at China

Chinese groups contributed to UT installation, ensuring LHCb Upgrade |
completion in time (IHEP/HNU/CCNU/THU/SCNU/LZU)

:‘V‘A
"

e t - \‘ :i \1 b AT
Completlon of a stave / A- S|de / C-side k‘

y s il i Upstream Tracker closing completes installation of the
pmamana S gl (=SP4l 1 = LHCb Upgrade 1 detector

By pietrzyk

Tracker (UT), a sub-detector of the LHCb experiment, was closed around the LHC beam pipe. This event marked the completion of the
HCb Upgrade1 detector.

Start of 2023 data taking.

Lead development in control and

safety monitoring software (IHEP)

Performed key radiation tests for SALT chip using

Chinese facilities during pandemlc (IHEP/HNU)

Setup for SALT ||
Irradiation test ‘

Lser
Alignment

Test at CIAE (Bemng)

iR ACRAFYIEF e

SALT V3.9
TestBoard
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Exp Control
Software

Detector Safety Softwa e
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LHCb Upgrade I: Scintillating fibres tracker (SciFi)

Side View ECAL HCAL A M5

Magnet SciFi ~ RICH2
Tracker

Locatbr, Al Y

/ > V:::i:if j:i'l'-’j-;i‘ —— /

4 [

o =S\ o)

| O T e
o\ o Al
= oy .
Vertex /% ) ]
4,

straw-tube drift chambers+Silicon micro-strip # Scintillating fibres tracker
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LHCb Upgrade I: SciFi

Side view sketch of SciFi

Front view sketch of SciFi

»Brand new detector with scintillating fibres  # ||| . ||l
» Three stations with four detection layers each, =« [l [l 1l
6 fibres / layer CFm
« Fibres diameter and length: 250 ym / 2.4 m — =
» Decay-time constant: 2.8 ns D
« Produced in total 12000 km of fibres |
ooooo "=
»Light detected by SiPMs installed at one - — sl
end of the fibores 7 |
- Temperature —40°C to reduce dark counts N VS 3
5 1.1 LHCbSciFi Prcliminar)}; \ _
»>New ASIC, 64 channels 130 nm CMOS S | of T35 45n
« Clusterisation of hits implemented in FPGA ob " 98 % efficiency
after signal digitisation : s _;
Good performance in 2023 | , %
06:',,,' _— , ,.‘.[,..,.t
SiPM Channel 2 2

2023/11/17 wiRE It AR
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LHCb Upgrade : SciFi at China

20123/1 117

QA System for readout ASICs & the Front-End Board

SciFi: 524,000 SiPM channels
SciFi readout ASIC (PACIFIC): a 64-channel SiPM readout

» LHCDb SciFi China Group (Tsinghua U):

>

>
>
>

Co-design the ASIC Frontend Board (with Heidelberg)

Manufacture all 2,528 ASIC Boards (64,168 channels in total)

Test 1/2 of ASIC Boards and all the chips

11 setups of Quality Assurance System for ASICs & boards for LHCb

iR ACRAFYIEF e
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LHCb Upgrade I: Rich 1&2

Side View ECAL HCAL

Magnet SciFi RICH2
Tracker

Vertex /% f

Locator / {5/

New optics, new PMTs, new readout
2023/11/17 wiRE AERAFMEF R 24



LHCb Upgrade |: RICH 1&2

Scheme of new mirrors setup

(b)

»Preserve excellent performance in Run 1&2

« RICH1T with C,F;, and RICH2 with CF,
« PID for momenta between 2.6 and 100 GeV/c

»Replace Hybrid Photon Detectors (HPDs)
with Multianode PMTs in RICH1 &2

 26.2 or 52 mm? area with 64 pixels
»Change curvature of RICH1 spherical

RICH1 - Run 259596 eventID 927492

mirrors to reduce occupancy on PMTs RIC}

- factor 2 less
»New radiation hard and fast readout ASIC  * ..+
developed (CLARO)

»RICH 1&2 performance already better than .
In Run 1&2!

2023/11/17 wiRfs LR KRFEMEF R
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LHCb Upgrade I: ECAL&HCAL

Side View ECAL HCAL

Magnet SciFi RICH2

_ Tracker

Vertex )/ ([ 1]/
Locator /| /" N @

cnfoude DlL o lon oo o B g )

new readout, Preshower (PS) and Scintillating pad detector (SPD) removed
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LHCb Upgrade I: ECAL&HCAL

»Present detector kept unchanged Shashiik modules HCAL module

« ECAL: Shashlik modules (lead + scintillator) for
a total of 25X,

« HCAL: TileCal modules (iron + scintillator)

»PS/SPD detectors removed
« No need for fast inputs to LO hardware trigger

»PMT gain reduced by a factor 5 to increase
lifetime of detector

« Compensated by an equal increase in the
electronic amplifier gain % mass in 2022
> Front-End electronics redeveloped o

« Trigger-less readout
« Cope with increased instantaneous luminosity

»Some ECAL inner modules will be replaced S8z
.alrgadydrln LS3 to test Upgrade Il prototypes ===
in Run '

: row 2

: ¢ row 3
P \¢ row 4

. row 5

WLS
ight fibers

master
plate

600

400
u=135.32+0.01 MeV:

1 0=11.39+0.02 MeV 7]
200

0 50 100 150 200 250
M.y [MeV]

LHCb-FIGURE-2022-019
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LHCb Upgrade |: MUON

Side View

gcar HCA

Magnet SciFi RICH2

Tracker

new readout, M1 removed
2023/11/17 WiRfE JCRAEYIRZ




LHCb Upgrade |: MUON

»Remove first layer (M1) with GEMs of
present MUON detector

« since LO trigger level has been removed

« The 4 layers (M2-M5) of Multi-Wire
Proportional Chambers (MWPCs)

»Install additional shielding around
beampipe
» reduce particle flux in M2 inner region

»Redesign electronics to cope with 40
MHz trigger-less readout

»R&D to replace inner parts of M2 and

M3 with more granular detectors (triple
GEMs/MWPCs)

2023/11/17

Candidates/10 MeV

LHCb-FIGU RE-2023-002

“f

= I
L LHCb Preliminary

Run 3 Data

[ —F Run254869
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LHCb Upgrade |: SMOG2

»Allows to inject different gases in LHCb IP Sketch of the gas cell
- Fixed-target physics, in parallel with pp data taking “mm““’,;""\ ::iﬂé‘éﬁ‘é:ma";f'm)
« Gas cell upstream of VELO > pp and p-gas vertices - /:._-;;3 ;o

»Increase interaction rate by orders of magnitude

andidates

easily distinguishable

GAS FEED TUBEIN
THE CELL CENTER

CONICAL TRANSITION ‘f

FIXED HALF CELLSUPPORT
CONNECTED TO THE RF FOIL
FRAME

compared with previous SMOG
« 20-100 times of collected sample size
Shashlik modules

.z position of reconstructed vertices K2 reconstructed in pp and pAr

180/ Interaction region (pp) g 008 ; v _30(‘) - T T \é
160 — %}L B % 007 -~ —— PV, <-300 mm ﬁ |
140 reimlgary © - =
2 SMOG2 cell ﬁ g ool e
100/~ pAr § 00 = E
ao- Z 004 — —
& 0.03 — —
p interaction reglon 002 |- =
20 jﬁk 0.01 ; é

0 \ oL i s

—-400 200 400 450 500 550 600
z [mm] M [MCV/CZ]

2023/1 1/17 z [mm] iR dbeaE RSl M [MeV/c?] 30



LHCb Upgrade I: PLUME

»Cross-shaped hodoscope composed by 48

PMTs, installed upstream of the VELO Lateral view sketch
 Detect Cherenkov light from particles impinging
on a quartz tablet glued to the PMTs window

»Measure rate of coincidences every 3 sec
and compute lumi with logZero method

« Provide real-time feedback to the LHC to level the
luminosity at IP8

1.0

LHCb pp -0.005
Vs =09 Tev
= : r 05/06/2022
| /06/2022 [Sa]
AN ~0.004%
-
20.6 \\/ \‘ AN | 2
5 l (it —0.003 £
g0 , H0.002 2
0.2 H0.001
0.( - ' 0.000
) 0 2000 4000 6000 8000
Timestamp +1.6544400000¢9
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L=2x10%3cm 21 (5x)
5.5 visible interactions / crossing
Accumulate 50 fb! total

L£=15x10%cm2s1 (7.5%)
41 visible interactions / crossing
Accumulate 300 fb total

Freshly installed!! Design & R&D phase

VErtex LOcator (VELO)

Run 3: pile-up ~6

.Y (mm)
W= =W

[Si=l=l=l=lo1S)

High pile-ups
Radiation hardness

[Sl=l=l=l=l=1=]
Lo

'~2000 tracks

W= =MW

Upgrade II: pile-up ~40

. Y (mm)

S
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LHCb Upgrade II: a plan for Run 5&6

The ultimate flavour physics experiment at the HL

TORCH

ToF detector with quartz
radiator + SIPMs/MCPs

Upstream Tracker (UT) -
CMOS pixels |

j/ upstrea \¥ ¥ ¥ Pile-up: ~ 40
..... l...tracker | S5
N | Timing capabilities
et /LT | High granularity
VELO Sllymnlr | || - Radiation hardness
Pixel detector with
timing capabilities

Mighty Tracker
AR Outer region: improved SciFi
RICH 1&2, with Inner region: CMOS pixels

SiPMs/MCPs and timing 10m 15~ 20 o
capabilitics Linst = (1 —2)%x10%* em™?s~* (x(5 — 10) w.r.t. Run 3)

e oo .o as
TAA ma AR s

2023/11/17 wiRfs LR KRFEMEZF 34



LHCb Upgrade Ib+I1l at China: ECAL

»Requirement: to operate up to £ = 1.5x103* cm™4s™1

- Keep current energy resolution: ¢(E)/E ~ 10%/VE @ 1%

- Sustain radiation doses up to 1 MGy =) HIgh granularity

« Mitigate high occupancy and pile-up

Current ECAL

Time resolution of O(10) ps

‘ “T WER A

Inner region

T Spaghetti Calorimeter (SPACAL)

Radiation limit of current Shashlik technology

1 scintillator = mirror
I absorber 1 light guide

SPACAL-W (tungsten) .(I ‘ D.

for the most inner region
2023/11/17 WIS LR FIIEF B

front ' back
—» Beam direction
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Physical benchmarking simulation

>Examp|e B? - K*%y

[LHCb-TDR-024] [LHCb-TDR-023]
S ' L @ " L L L B —
= 220 . Ep>25GeV = ‘8 u d E.>25GeV .
S 200 SpaCal regions R B o L1 3 2 <oF Upgrade II 1>2.5 Ge E
ol 180 —— Run3 detector with 48 fb™; S/B =02 = Lg " — w/o time cut N
§ Rund: S/B = 1.5 B u —— At/ot(comb) < 3 .
Q 160 E 400 F- + =
= 140 : : W :
120 300 - b + =
100 E - " + ++++++ t .
80 E ] —; 200 :— ¢ + +++ ++ ' “+++ﬂ++++ —:
60 L | E 00 Bl L n, Wt b AL
0 r ] o Y ™
u o .t
20g Ilr .h 4'*- I L 1 L nj. = Fcottonnsssposstyomme aostas®®pote e eeotsnrtes, founseetet®e, e
z?ooo 5000 76000 77000 00 5000 6000 72000
MK*7y) [MeV/c?] MK ny) [MeV/c?]

« Upgrade Ib ECAL has better performance than « Time resolution 0(10) ps important to

current ECAL suppress the background

2023/11/17 wiRE It AR
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LHCb Upgrade Ib+1l at China: GAGG crystal

»R&D of fast Cerium-doped Gadolinium Aluminum Gallium Garnet
GAGG) crystal (< 25 ns) with SIPAT in Chongqing

>

GAGG from SIPAT <& |AP

f=
,
\/

Measuring light yield

Table 2: Scintillation rise time (7,), three decay times (a1, a2, 7as), and relative intensities of the corresponding
comnonante R, R. R. Tha uncartainty ic 9Mne and 80 far tha rica and dacav timae racnactivaly Tha firct thraa
Decay time measured at CERN Decay time for different batches
: 741=8:482ns (6.91 %) Batchl Top2 #4424 62 9.2 6.2 54 68.7 267 25.1 ; 49 | (D
60 7 =42791ns (69.23 %) Batchl Top7 #4425 83 7.8 58 54 69.1 242 251 | 47 :

a Batchl Middle7 #4426 47 6.2 5.0 46 64.5 149 305 | 41 O
£s0| 74q=188.040ns (23.86 %) | Batchl Middle8 #4427 16 7.3 6.5 49 68.8 180 247 : a -
3 7.,=24ps Batchl Tail3 24 6.5 6.9 43 69.2 188 289 | 36 | D
O 40 .. Batch1 Tai 87 T 8.7 46 703 210 210 | 36 ! ot
5 23 7.0 g 18 66.6 162 281 | 43 |
% 30 27 7.1 16 2.9 134 31.8 : 43 w
‘E ngotl Middlel #4476 28 6.4 6.7 47 172 228 | 37 | —
S 55 ngot] Middle3 #4477 21 49 46 43 147 300 | 37 : D)
= ngot] Tail6 #4478 26 5.4 6.7 42 206 229 | 33 (@)

16 ngot1 Tail7 #4479 27 1.8 6.8 10 134 : 30 |
"h2-ingot2 Topd 17 38 6.7 30 101 -
= 0 A . ngot2 Top i/ 1.5 8.3 34 139 | 25 :
2] 40 45 50 55 ngot2 Middle 21 5.0 8.6 36 134 26
© 20 ' B ngot2 Middle7 #4495 10 5.3 8.1 36 128 : 28 |
Z 0 Y i i ngot2 Tail5 #4496 11 3.6 8.8 29 124 |20 |
% 20 " e 5‘0 o Batch2-ingot2 Tail6 #4497 10 1.1 10.4 30 138 P20 |
8 e IR 4
ATIns]

Decay times from 50 ns down to 25 ns, expect to finalise soon
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LHCb Upgrade Ib+Il at China: absorber

»3D-print tunsten (W) absorber with LaserAdd in Zhuhai LASEE.EQ

Module size: 121x121x5 mm?
5180 square holes of 1.2x1.2 mm?

Small modules printed by LaserAdd

Full-size module printed by LaserAdd
%
.:\«Q‘y

4

f S0
120.24—

2023/11/17

Similar quality as EOS produced in Germany

wiRfE JCERKEIEZD
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LHCb Upgrade 1b+Il at China: UT

»Leading the R&D for CMOS-based UT upgrade
»Proposal of system design accepted in Framework TDR
»Jianchun Wang (IHEP) appointed as UT deputy project leader for Ull

Chip
Module

. ' » -
Reticle size TN N N N N ]

~20.2x21.4 mm?

Pixel
Orientation I

50x150 um?

Plane x4

36 modules, ~135

s, ~1355 mm ——>

l&<——— 36 module

l€«—— 12 staves, ~1672 MM ——>

Design of CMOS-based UT upgrade
2023/11/17

ece 5] ROOT's 0L viewer

fie_canen

—
Help E

ssssssssss e
o |cwws oy € S
= =
u >

VTRx

IpGBT

7x2 Pixel sensors

Detector modelling

Simulation of hits in
Run 5/6 condition

HVCMOS design for MPW
using 55nm process
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Prospects for Upgrade | and Upgrade |l

>Collect 50 fb~! by end of Run 4
and 300 fb~! by end of Run 6

« 9fb~1 Collected in Run 1&2

»Aim at keeping same
performance (or better) with
Upgrades

»Several flagship measurements
still statistically dominated and
with uncertainty on predictions
negligible compared to the
experimental knowledge >
great potential!

2023/11/17

Observable

CKM tests
v (B — DK, etc.)
¢s (BY = Jhpo)
|Vas|/|Ves| (A) = pp~ vy, ete.)
agl (B = D~ptv,)
a3 (B = Dy utv,)

Charm
AA("}) (D“ — KTK JEYX )
Ar (D° - K*K~,ntn™)
Az (D° - Kntn~)

Rare Decays

B(B" - utu)/B(B? = ptu~) 69% |40,41)

Suu (BY = ptu~)

A(IZ) (B° - K*%*e™)

A,II{" (B° -5 K*%te™)
Aﬁ‘(B? — ¢7)
Ser(B = ¢)
ay(A) = Ay)

Lepton Universality Tests
Ry (B* - K*ete-)
Rg- (B = K*¢*¢™)
R(D*) (B° = D*~ t*v)

iR ACRAFYIEF e

Run 1-2 Run 3-4
Current LHCb Upgrade 1
(upto9fb~Y) (2371 (507

4° (9,10 15 by
32mrad [§ 14 mrad 10 mrad
6% 29,30 3% 2%
36 x 107134 Bl gsxig™
BT pgd Xt TRt
29 x 1075 (5] 131075 8x10-°
11 x 107° [38] Ex10% B2x10°
18x10°5[37] 63x105 4.1x10°%
41% 27%
0.10 |52 0.060 0.043
0.10 |52 0.060 0.043
e B 0.124 0.083
0.32 |[51] 0.093 0.062
Hir By 0.148 0.097
0.044 [12] 0.025 0.017
0.12 |61] 0.034 0.022
0.026 [62,64] 0.007 0.005

Run 5-6
Upgrade 11

(300fb~1)

0.35°
4 mrad

1%
2x 104
3510

3.3 x 105
1.2 x 107°
1.6 x 105

11%
0.2
0.016
0.016
0.033
0.025
0.038

0.007
0.009
0.002

40



Summary

» The past: A very successful operation leading to excellent results
* Physics program expanded well beyond original expectation: heavy-ion, fix-target, EW, ...

» The present: LHCb Upgrade |
« A first major upgrade during LS2 - brand new detector

« Removal of LO hardware trigger

» High-level software trigger running at 30 MHz on GPUs

* New trackers (VELO, UT, SciFi)

» Upgraded RICH 1&2 with new photodetectors and readout electronics Than ks !
« ECAL, HCAL and MUON upgraded with new readout electronics

* New fixed-target system (SMOG2) to inject various gases

* New dedicated luminometer (PLUME)

» The future: LHCb Upgrae Ib&ll

* Replace some parts close to beam for Upgrade Ib during LS3
« A second major upgrade during LS4: timing, granularity, radiation resistance, ...
« Many R&D ongoing in China: ECAL, UT

* GAGG crystal, 3D-print tungsten absorber, CMOS, ...



