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• Birmingham, Bristol, Cambridge, Edinburgh, Glasgow, Imperial, Liverpool, Manchester, Oxford, RAL, 
Warwick 

• Collaboration: >1100 authors, ~18% UK affiliation 

• Large leadership representation across all areas of  the experiment by UK members 

• VELO + RICH Upgrade I and II, TORCH, RTA, DPA, Simulation, Physics WGs 

• Chris Parkes is LHCb Spokesperson (+ PI for Upgrade I) 

• Nigel Watson is LHCb-UK Spokesperson 

• Tim Gershon is PI for LHCb-UK Upgrade II

LHCb UK
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Figure 1.2: Schematic view of the LHCb upgrade detector. To be compared with Fig. 1.1. UT =
Upstream Tracker. SciFi Tracker = Scintillating Fibre Tracker.

tracking subsystems, the Tracker Turicensis (TT) and the T-stations, located just before
and just after the LHCb dipole magnet. These subsystems and their projected upgrade
performance are the focus of this TDR. The four TT planes will be replaced by new high
granularity silicon micro-strip planes with an improved coverage of the LHCb acceptance.
The new system is called the Upstream Tracker (UT) and is the subject of Chap. 2. The
current downstream tracker (T-stations) is composed of two detector technologies: a
silicon micro-strip Inner Tracker (IT) in the high ⌘ region and a straw drift tube Outer
Tracker (OT) in the low ⌘ region. The three OT/IT tracking stations will be replaced
with a Scintillating Fibre Tracker (SFT), composed of 2.5m long fibres read out by silicon
photo-multipliers (SiPMs) outside the acceptance. The SFT is discussed in detail in
Chap. 3. The performance of the UT and SFT detectors, as far as the individual detection
planes are concerned, are addressed separately in their respective chapters, where also the
cost, schedule and task sharing of these subsystems are presented. The charged particle
tracking is an essential physics tool of the LHCb experiment. It must provide the basic
track reconstruction, leading to a precise measurement of the charged particle momenta
in the extreme environment of the LHCb upgrade over its entire lifetime. Therefore, the
projected performance of the complete LHCb upgrade tracking system, which involves
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LHCb Upgrade I (Now!)

New Pixel 
VELO

New Tracking Stations

Upgraded Calorimeter Front-
End electronics 

Removed SPD/PS
Upgraded muon Front-End 

electronics 
Remove M1

New RICH PMTs 
Upgraded electronics

Software only trigger 
30 MHz processing rate
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Figure 1.2: Schematic view of the LHCb upgrade detector. To be compared with Fig. 1.1. UT =
Upstream Tracker. SciFi Tracker = Scintillating Fibre Tracker.
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performance are the focus of this TDR. The four TT planes will be replaced by new high
granularity silicon micro-strip planes with an improved coverage of the LHCb acceptance.
The new system is called the Upstream Tracker (UT) and is the subject of Chap. 2. The
current downstream tracker (T-stations) is composed of two detector technologies: a
silicon micro-strip Inner Tracker (IT) in the high ⌘ region and a straw drift tube Outer
Tracker (OT) in the low ⌘ region. The three OT/IT tracking stations will be replaced
with a Scintillating Fibre Tracker (SFT), composed of 2.5m long fibres read out by silicon
photo-multipliers (SiPMs) outside the acceptance. The SFT is discussed in detail in
Chap. 3. The performance of the UT and SFT detectors, as far as the individual detection
planes are concerned, are addressed separately in their respective chapters, where also the
cost, schedule and task sharing of these subsystems are presented. The charged particle
tracking is an essential physics tool of the LHCb experiment. It must provide the basic
track reconstruction, leading to a precise measurement of the charged particle momenta
in the extreme environment of the LHCb upgrade over its entire lifetime. Therefore, the
projected performance of the complete LHCb upgrade tracking system, which involves

3

LHCb Upgrade I (Now!)

New Pixel 
VELO

New Tracking Stations

Upgraded Calorimeter Front-
End electronics 

Removed SPD/PS
Upgraded muon Front-End 

electronics 
Remove M1

New RICH PMTs 
Upgraded electronics

Software only trigger 
30 MHz processing rate

A brand new detector with less than 10%  
of channels remaining from Runs 1/2 

100% readout electronics replaced 
New data acquisition system and data center 

A brand new detector! 
Very challenging installation and commissioning ongoing
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Stable Beams 6.8 TeV
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• Collection of  extremely useful data for software and detector commissioning under way

Collected Data to Date
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• High and Low Voltage connected, tested and functional. 
Control software ready 

• CO  cooling in all 52 modules circulating and boiling 
reliably Temperature monitoring includes over 1200 sensors 

• 98% of  data links are running 

• DAQ firmware ready 

• In-situ front-end ASIC calibration procedure nearing 
finalization (including pixel thresholds and time alignment) 

• VELO tracks and vertices are reconstructed 

• Essential for closing procedure 

• Reconstructed vertices consistent with beam position and 
with metrology 

• Closure procedure agreed with LHC

2

VELO Commissioning
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Infratructures
LV, HV, Temperature monitoring, VSS,
Cooling…
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● HV / LV all connected, tested, functional and control 
software ready. 

● OPB moved from DAQ to DCS
● HV included in Big Brother
● CO2 reliably circulating and boiling in microchannels 

in all 52 modules 
○ several interventions on main chiller by EN-CV (leaks, 

refill, heat exchanger etc…), to be followed up.
● Temperature monitoring includes more 1200 sensors
● VSS connection to Beam interlock system  tested:

○ protection from the beam
○ relevant especially for  closing
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Claudia, Edgar, Wiktor, Sylvain, Xavier, Sasha, …. 

Online monitoring
Vertices

11

● Vertex reconstruction independently from the two halves is commissioned
○ input for the closing procedure
○ relaxed cuts both on track PR and Vertex reco 

● Could see the z-offset of the IR reported by the other experiments
● Took data at 2 x-position (27 and 29.8mm):

○ reconstructed x position in agreement with motion sys. position
○ Absolute x position (+1mm) consistent with beam position at the end of 

Run 2
● Y offset between left and right reconstruction (0.4mm): 

○ compatible with offset seen in half metrology
○ data at other positions will help to confirm

See Holly & Baghyashreeʼs talk

Rizwaan,  Silvia, Paula,...

PVx PVy PVz

Time Alignment
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• Module Production 

• Cooling (Oxford, Manchester) 

• Gluing, cabling, wire-bonding (Manchester) 

• Quality Control (Manchester) 

• OBP (Glasgow) 

• Detector Assembly 

• Base (Oxford) 

• Detector Mechanics (Liverpool) 

• Module Installation and Testing (Liverpool, Manchester, Oxford) 

• Transportation to CERN (Liverpool) 

• Commissioning at CERN 

• Firmware (Liverpool, Manchester) 

• Metrology (Liverpool, Manchester) 

• Alignment, Monitoring and Reconstruction (Manchester, 
Warwick, Oxford, Liverpool) 

• Detector Description + Simulation (Warwick, Liverpool)

UK VELO Contributions
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Module Production Detector Assembly

Detector Transport Detector Installation
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• RICH detectors successfully installed in LS2: 

• RICH2 A-side installed in February 2021 

• RICH2 C-side installed in April 2021 

• RICH1 Down-box installed in December 
2022 

• RICH1 Up-box installed in January 2022 

• Commissioning well advanced! 

• Hardware fully validated, taking data with 
collisions since pilot beam in 2021: ready for 
Physics production

RICH

9LHCb Status

RICH 1 hitmap
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• Edinburgh: MaPMT QA, Elementary Cell QA, Commissioning 

• Oxford: RICH1 Gas enclosure, Quartz, MaPMT Enclosures, cooling 

• Bristol: RICH1 Column Installation tooling, Monitoring and Calibration 
Systems, Mirror production, assembly, alignment 

• RAL: RICH1 Column Installation tooling, RICH monitoring and 
calibration systems, shielding 

• Imperial: RICH1 Column mechanics, chassis, maintenance, installation and 
services, commissioning 

• Cambridge: PDMDB motherboard design, production and QA, Plugins 
design, production and QA, DAQ, calibrations 

• Birmingham: DAQ, Firmware, Commissioning

UK RICH Contributions
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RICH2: trigger on all colliding bunches

The first time that consecutive events are detected in RICH2 at LHCb!!!

https://lblogbook.cern.ch/RICH/341

11 / 21

RICH1: trigger on all colliding bunches

The first time that consecutive events are detected in RICH1 at LHCb!!!

https://lblogbook.cern.ch/RICH/341

10 / 21
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• Low Voltage, High Voltage, and safety systems fully commissioned 

• Most of  DAQ is commissioned 

• Progressing towards commissioning in global  Datataking with all subdetectors included in global control is next 
milestone 

• Silvia Gambetta (Edinburgh) was Operations Coordinator up to last week. Many thanks to Silvia for her hard work!

→

Global Commissioning
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• From European strategy update: 

• Software is on equal footing with hardware, especially moving towards the HL-LHC era. Investment is essential 
for future success

Software Infrastructure

12LHCb Status

https://home.cern/sites/default/files/2020-06/2020%20Update%20European%20Strategy.pdf
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• From European strategy update: 

• Software is on equal footing with hardware, especially moving towards the HL-LHC era. Investment is essential 
for future success

Software Infrastructure
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Invaluable contributions from UK institutes, often above and 
beyond the call of duty 

Without the key contributions of these experts, we would not be in a 
position to take data

https://home.cern/sites/default/files/2020-06/2020%20Update%20European%20Strategy.pdf
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• Responsible for reducing the 40 MHz bunch crossing rate to ~1 MHz 
without the use of  a hardware level trigger 

• Uses novel system with GPUs which are interleaved in the event 
building farm 

• Tests of  EB and trigger including many different subsystems, with 
varying event sizes and increasingly higher rates, with good 
performance up to 25 MHz 

• System able to cope with the expected luminosity 

• Includes survey misalignments measurements, triggering on Calo 
activity 

• Track reconstruction is commissioned and functional in VELO, SciFi 
and Muon systems 

• Triggering on tracks next big goal (happening now)

Real Time Analysis + Online

14LHCb Status
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• Responsible for the processing of  events after the 
second software trigger 

• Scope includes the development of  offline tools for 
Run 3 and beyond, coordination of  productions for 
analysts, maintenance of  legacy software, innovative 
software initiatives and Analysis Preservation/Open 
data 

• PL + DPL of  DPA are at UK institutes, major 
contributions from involved institutes 

• First publication:  
J. High Energ. Phys. 2022, 14 (2022)

Data Processing & Analysis
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https://link.springer.com/article/10.1007/JHEP08(2022)014
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• Responsible for ensuring accurate and correct 
simulation for the entirety of  the LHCb collaboration 
(both for physics analysis and for studies for detector 
upgrades) 

• PL + DPL of  Simulation Project are at UK 
institutes,  major contributions from involved 
institutes 

• 6 work-packages formed, allowing for the 
development of  solutions for Run 3 and the HL-LHC 
era 

• Includes the developments for Generators, detailed 
and fast simulations, Detector Modeling, production 
of  samples for analysis and detector studies, and 
Machine Induced Background/Radiation studies.

Simulation
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Trigger

Allen/Moore

Sprucing

Moore

Trigger

Moore

Reconstruction

Brunel

Stripping

DaVinci

E.g. Pythia8 + EvtGen
Generation + Decay Propagation

E.g. Geant4

Digitisation

Boole

Particle simulation

Gauss

CHARM.MDST DIMUON.DST …

Storage

Ntuple making

Analysis Productions/
DaVinci

Analysis

ROOT/Numpy/…

FULLSTREAM

Storage

FULLSTREAM

Storage

Re-reconstruction Restripping

MC MC

Upgrade

CALIBRATION FULL TURBO

Disk Storage

...



   /  27adam.davis @ cern.ch

• Many results over the large spectrum of  
accessible physics at LHCb 

• I do not have time to cover them all!  

• Full details at LHCb Public Results page

Physics Results

17LHCb Status

https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/Summary_all.html
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• = , 
measured to be non-zero at >5   

• Important to measure individual CP asymmetries to test U-spin 
prediction that  is correct 

•  

• Use full Run 2 Dataset with prompt  

• Use two calibration procedures to remove production and 
detection asymmetries 

 

• Combine with previous measurement to determine direct CP 
asymmetries 

ΔACP = ACP(D0 → K+K−) − ACP(D0 → π+π−) (−15.4 ± 2.9) × 10−4

σ

ACP(KK) = − ACP(ππ)

Ameas(KK) = ACP(KK) + AP(D*+) + AD(π+
tag)

D*+ → D0π+

ACP(KK) = [6.8 ± 5.4(stat) ± 1.6(syst)] × 10−4

ACP ≃ ad
f +

⟨t⟩f

τD
ΔYf

Direct CP Violation in Charm
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Non-zero at 3.8 ! 
First evidence of CPV in a specific  

charm hadron decay

ad
KK = (7.7 ± 5.7) × 10−4

ad
ππ = (23.2 ± 6.1) × 10−4

σ
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LHCb-PAPER-2022-024 Submitted to PRL

https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/LHCb-PAPER-2022-024.html
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•  flavour eigenstates  mass eigenstates  mixing of  neutral mesons 

• Measurements of  oscillation parameters  and CPV 
parameters  extractable from comparison of  phase space bins of  

 

• 2016-2018 dataset (5.4 fb ) using  decays, combine with 
previous "prompt" analysis

D0 ≠ →

x = ΔM/Γ, y = ΔΓ/2Γ
|q/p | , ϕ

D0 → K0
s π+π−

−1 B → D0μνX

Model Independent measurement of  Charm Mixing Parameters

19LHCb Status

Consistent with prompt analysis

x = (0.40 ± 0.05) × 10−2

y = (0.55 ± 0.13) × 10−2

|q/p | = 1.012+0.050
0.048

ϕ = 0.061+0.037
−0.044rad

LHCb-PAPER-2022-020  Submitted to PRD
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• Traditionally provide joint fit of  all LHCb 
results to provide average of  measurement of   

• Combine information with Charm system to 
leverage joint inputs for ultimate precision on all 
inputs  leverages correlations across 
measurements to further constrain  in the 
charm system and constrain charm mixing in  
extraction 

• Many new measurements added 

• Most precise measurement of   from single 
experiment, Charm parameter improvement 
w.r.t. HFLAV combination at time of  
publication. Sensitivity to  is now at 4 , even 
without all modes analyzed. 

• Stay tuned for more updates soon!

γ

→
y

γ

γ

γ ∘

Ultimate Precision: Beauty + Charm Combination
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Table 1: Measurements used in the combination. Inputs from the charm system appear in
the lower part of the table. Those that are new, or that have changed, since the previous
combination [17] are highlighted in bold. Measurements denoted by (*) include only a fraction
of the Run 2 sample, corresponding to data taken in 2015 and 2016. Where multiple references
are cited, measured values are taken from the most recent results, which include information
from the others.

B decay D decay Ref. Dataset Status since

Ref. [17]

B±
! Dh± D ! h+h� [20] Run 1&2 Updated

B±
! Dh± D ! h+⇡�⇡+⇡� [21] Run 1 As before

B±
! Dh± D ! h+h�⇡0 [22] Run 1 As before

B±
! Dh± D ! K0

Sh
+h� [19] Run 1&2 Updated

B±
! Dh± D ! K0

SK
±⇡⌥ [23] Run 1&2 Updated

B±
! D⇤h± D ! h+h� [20] Run 1&2 Updated

B±
! DK⇤± D ! h+h� [24] Run 1&2(*) As before

B±
! DK⇤± D ! h+⇡�⇡+⇡� [24] Run 1&2(*) As before

B±
! Dh±⇡+⇡� D ! h+h� [25] Run 1 As before

B0
! DK⇤0 D ! h+h� [26] Run 1&2(*) Updated

B0
! DK⇤0 D ! h+⇡�⇡+⇡� [26] Run 1&2(*) New

B0
! DK⇤0 D ! K0

S⇡
+⇡� [27] Run 1 As before

B0
! D⌥⇡± D+

! K�⇡+⇡+ [28] Run 1 As before

B0
s ! D⌥

s K
± D+

s ! h+h�⇡+ [29] Run 1 As before

B0
s ! D⌥

s K
±⇡+⇡� D+

s ! h+h�⇡+ [30] Run 1&2 New

D decay Observable(s) Ref. Dataset Status since

Ref. [17]

D0
! h+h� �ACP [31–33] Run 1&2 New

D0
! h+h� yCP [34] Run 1 New

D0
! h+h� �Y [35–38] Run 1&2 New

D0
! K+⇡� (Single Tag) R±, (x0±)2, y0± [39] Run 1 New

D0
! K+⇡� (Double Tag) R±, (x0±)2, y0± [40] Run 1&2(*) New

D0
! K±⇡⌥⇡+⇡� (x2 + y2)/4 [41] Run 1 New

D0
! K0

S⇡
+⇡� x, y [42] Run 1 New

D0
! K0

S⇡
+⇡� xCP , yCP , �x, �y [43] Run 1 New

D0
! K0

S⇡
+⇡� xCP , yCP , �x, �y [44] Run 2 New

CP asymmetry are (� + 2�) and (� � 2�s), induced via interference between B0
(s) mixing

and decay. Therefore, in order to obtain sensitivity to �, external constraints from the
world averages of � ⌘ arg[�VcdV

⇤
cb/VtdV

⇤
tb] and �s ⇡ �2�s ⌘ �2 arg[�VtsV

⇤
tb/VcsV

⇤
cb] [11]

are included.
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Figure 2: One dimensional 1 � CL profiles for � from the combination using inputs from B0
s

(light blue), B0 (orange), B+ mesons (red) and all species together (dark blue).

Figure 3: Two-dimensional profile likelihood contours for (left) the charm mixing parameters x
and y, and (right) the � and |q/p| parameters. The blue contours show the current charm world
average from Ref. [11]; the brown contours show the result of this combination. Contours are
drawn out from 1 (68.3%) to 5 standard deviations.

B0
s modes is expected to improve by approximately a factor of 2 with the analysis of

B0
! DK+⇡� with D ! K0

Sh
+h� and B0

s ! D⌥
s K

± decays using the full LHCb data
sample. Table 5 presents the confidence intervals for � as determined from inputs of
time-dependent methods and time-integrated methods only. Two-dimensional profile
likelihood contours in the (x, y) and (|q/p|,�) planes are shown in Fig. 3. The significant
improvement, of a factor of two, in the precision to y demonstrates the advantage of this
combination over the current world average in the charm system.

Breakdowns of the contributing components in the combination are shown in Figs. 4
and 5. These highlight the complementary nature of the input measurements to constrain
both � and the charm mixing parameters. In Fig. 5 (top left) the dark orange band
shows external constraints from CLEO-c [58] and BES-III [59]. These are required to
constrain �K⇡

D when obtaining the “All Charm Modes” contours, but are not used in the
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B0
s modes is expected to improve by approximately a factor of 2 with the analysis of

B0
! DK+⇡� with D ! K0

Sh
+h� and B0

s ! D⌥
s K

± decays using the full LHCb data
sample. Table 5 presents the confidence intervals for � as determined from inputs of
time-dependent methods and time-integrated methods only. Two-dimensional profile
likelihood contours in the (x, y) and (|q/p|,�) planes are shown in Fig. 3. The significant
improvement, of a factor of two, in the precision to y demonstrates the advantage of this
combination over the current world average in the charm system.

Breakdowns of the contributing components in the combination are shown in Figs. 4
and 5. These highlight the complementary nature of the input measurements to constrain
both � and the charm mixing parameters. In Fig. 5 (top left) the dark orange band
shows external constraints from CLEO-c [58] and BES-III [59]. These are required to
constrain �K⇡

D when obtaining the “All Charm Modes” contours, but are not used in the
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γ = (65.4+3.8
−4.2)∘ x = (0.400+0.052

−0.053) %

y = (0.630+0.033
−0.030) %

JHEP 12 (2021) 141

https://doi.org/10.1007/JHEP12(2021)141
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• Decays of  the form  are sensitive to the 
CKM angle  by 

 

 

• Interference effects sensitive to study in bins of   
phase space using  

• Use Ratios of  OS to LS  to extract  

• Full Run 1/2 dataset 

 

• Most precise extraction of   from a single  decay mode 

• Largest ever observed CPV in one bin!

B∓ → D0[K±π∓π±π∓]h∓

γ

ΓB±→D0[K∓π±π±π∓]K± ∝ r2
K3π + (rK

B )2 + 2rK3πrK
B RK3π cos(δK

B + δK3π ± γ)

ΓB±→D0[K±π∓π∓π±]K± ∝ 1 + (r2
K3πrK

B )2 + 2rK3πrK
B RK3π cos(δK

B − δK3π ± γ)

γ → D0 → K3π
B → Dh±[h = K, π]

K± γ

γ = (54.8+6.0
−5.8

+0.6
−0.6

+6.7
−4.3)∘

γ D

Measurement of   with γ B∓ → D0[K±π∓π±π∓]h∓

21LHCb Status

0

10

20

30

40

50

60

70

C
a
n
d
id
a
t
e
s
/
(
1
0
M
eV
/c

2
)

B� ! DK�,Bin 1

LHCb

9 fb
�1

Data

B+ ! DK+

B+ ! D⇡+

B0
s ! DK+X

B ! DK+X
B ! D⇡+X
⇤0

b ! Dp⇡�

Crossfeed

Combinatorial

B+ ! DK+,Bin 1

LHCb

9 fb
�1

0

10

20

30

40

50

60

C
a
n
d
id
a
t
e
s
/
(
1
0
M
eV
/c

2
)

B� ! DK�,Bin 2

LHCb

9 fb
�1

B+ ! DK+,Bin 2

LHCb

9 fb
�1

0

10

20

30

40

50

60

C
a
n
d
id
a
t
e
s
/
(
1
0
M
eV
/c

2
)

B� ! DK�,Bin 3

LHCb

9 fb
�1

B+ ! DK+,Bin 3

LHCb

9 fb
�1

5.2 5.4 5.6 5.8

mDK� [ GeV/c2]

0

10

20

30

40

50

60

C
a
n
d
id
a
t
e
s
/
(
1
0
M
eV
/c

2
)

B� ! DK�,Bin 4

LHCb

9 fb
�1

5.2 5.4 5.6 5.8

mDK+ [ GeV/c2]

B+ ! DK+,Bin 4

LHCb

9 fb
�1

LHCb-PAPER-2022-017  (Submitted to JHEP)

https://lhcbproject.web.cern.ch/Publications/p/LHCb-PAPER-2022-017.html
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• Including recent study of  Z bosons produced in association with charm in the forward region at 
LHCb [Phys. Rev. Lett. 128, 082001 (2022)], a global analysis finds evidence for intrinsic charm in 
the proton. The NNPDF Collaboration, Nature, 17th Aug 2022

Not Just Flavour Physics - Intrinsic Charm
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fraction of proton momentum carried  
by charm quarks
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LHCb continues to provide very relevant information in a wide variety of physics areas

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.082001
https://www.nature.com/articles/s41586-022-04998-2.pdf
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LHCb Upgrade II
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Smaller pixels 
with timing

• Fully exploit the HL-LHC for flavour physics 

• Framework TDR approved by LHCC 

• UKRI Infrastructure Fund Award of  £49.4M  Major R&D 
effort underway

→

Improved 
Resolution

Addition of Mighty Tracker: 
Silicon inner area + 
Scintillating Fibres

Timing + Improved 
Resolution

Low Momentum 
PID Information

Tracking for Low 
Momentum 

Particles

High Granularity Inner Region 
+ Additional Shielding

Highly Granular Inner Region 
with Timing

Don't forget 
RTA+DPA+Simulation

UK contributions

https://cds.cern.ch/record/2776420/
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• VELO Sensor R&D targets timing, radiation hardness 

• Could incorporate thin planar, LGAD, 3D or new concepts  

• Two Scenarios being considered now: 

• Scenario A: Similar layout to U1, 5.1mm from beampipe, similar RF foil 

• Scenario B: 12.5mm distance to beam, lighter (or no) RF foil, smaller pixel size 

• Cooling 

• Smaller microchannel cooling to reduce cost, but more challenging to integrate. Collaboration between 
Oxford and 3T 

• Exploring 3D printing onto titanium cooling backbone - cheaper with more flexible design and 
integration to services easier 

• Potential collaboration with Royce Institute (Sheffield) and UoM MECD-Mechanics department 

• RF Foil 

• Goal: reduce the material budget to minimize material interactions 

• Under study: merging of  primary and secondary volumes, allows reduction of  innermost region 
thickness from 150  to μm 20 − 30μm

Upgrade II VELO
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• In Runs 5-6,  cm s , 7.5  higher 
than Upgrade 1 

• Increase in radiation dose detrimental to inner region 
of  the SciFi 

• Replace inner most regions with silicon based 
technology  HV-CMOS is suitable 

• Aim for full geometry upgrade in 2031, scope for Run 
4 on inner most purple region 

• Layers currently under design (28 modules per layer, 
with 26 long and 2 short) 

• Cooling based on polymide tubes embedded in carbon 
foam, satisfying operational requirements 

• Many Ongoing Activities, led by UK institutes

ℒinst = 1.5 × 1034 −2 −1 ×

→

Mighty Tracker
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• RICH 1 & 2 will maintain same geometry, reduce 
pixel size using SiPM or MCP 

• Time-stamping of  each photon with high 
precision  critical for PID performance 

• Design FastRICH based on Fast IC (tested in 
testbeam) with added features for data 
compression, internal TDC, etc.

→

RICH + TORCH

26LHCb Status

• TORCH is a new detector to enhance low 
momentum PID capabilities  improve 
background suppression + aid in Flavour Tagging 

• Cherenkov Photons transported by TIR in quartz 
block, focused and detected on MCP-PMTs 

• Aim for 10-15 ps resolution/track  requires 70 
ps/photon resolution (30 in total per track)

→

→

(o
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r 1
0 

m
) ~35 ps
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• Commissioning of  Upgrade I LHCb detector is progressing well. 

• Promising steps towards nominal datataking, with LHCb efficiently taking advantage of  all 
provided data to test and calibrate the detector and acquisition system 

• The reach of  LHCb physics results is wide  cannot be encapsulated in an individual talk 

• The UK plays a prominent and essential role in LHCb physics, detector hardware, software and 
Upgrades I and II 

• Without support for both hardware and software, we would not be able to produce the bouquet of  
physics results we have now

→

Conclusion
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https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/Summary_all.html
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Backup
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• 34/34 staves installed on one 
half  of  the detector - 47 good 
staves at CERN (out of  68 
needed) 

• Flex cable installation 
completed 

• Plan for safe closing envelope 
around beampipe and closing 
of  underground box under 
discussion 

• Maximal use of  down-times 
for installation: preparation of  
cables, cable chains, services 
and monitoring 

• Good progress towards full 
installation during YETS 

UT+SciFi

30LHCb Status

• Readout electronics performing well 

• All services worked without intervention 

• Commissioning 

• Developed necessary tools for time alignment of  the 
detector 

• Threshold calibration procedure complete essential 
for track reconstruction 

• Very stable system. Ready for track reconstruction when 
beams return

→

UT

SciFi
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• Installation completed end of  2021 

• Bit Error Rate tests show all fibres for ECAL/HCAL work 
as expected 

• In global commissioning state since spring 

• First collisions allowed time alignment of  individual 
calorimeter cells 

• Coarse energy calibration performed using LED system 

• Energy calibration for  reconstruction under development
 close collaboration between detector and reconstruction 

teams essential

π0

→

Calorimeters + Muon
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• All connectivity (both data and controls) active 

• HV is commissioned 

• No issues observed with LHC intensity ramp 

• Muon system is aligned to LHC clock since 
October 2021 

• Work ongoing for final time alignment and 
standalone Muon reconstruction 

• Successfully taking part in the commissioning at 
the pit
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• PLUME: New dedicated luminometer 

• Online Luminosity 

• Visible interactions per bunch crossing 
for lumi leveling 

• Instantaneous luminosity provided to the 
LHC primarily by PLUME, RMS when 
unavailable (cross-calibrated) now in place 

• Van der Meer scan performed at 
beginning of  July to calibrate 
instantaneous luminosity provided by 
PLUME at 13.6 TeV

PLUME

32LHCb StatusV. Bellée                     LHCb collaboration

Online luminosity
• Online luminosity is necessary for luminosity 

levelling


• Levelling is performed by LHC using the 
luminosity published by LHCb 


• Provided by PLUME when DAQ is running


• For the periods when DAQ is down RMS 
calibrated values are used, with calibration 
from PLUME


• When the PLUME lumi changes too rapidly 
(> 20% in 3s) due to possible 
desynchronisation - switch to RMS


• Currently, all the known issues are solved and 
LHCb provides stable luminosity data online


• BCM ?
4

DAQ stops

RMS takes over

DAQ restarts

PLUME takes over, RMS recalibrates

19/08/2022

In
st
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s 
lu

m
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ity Fill 8151

PLUME
• PLUME (Probe for 

LUminosity 
MEasurement): New 
dedicated luminometer 
- online luminosity 
- number of visible 
interactions per bunch 
crossing for luminosity 
levelling

12

PLUME Calibration
• July, 7: First (preliminary) vdM scan 

at 


• Absolute calibration for PLUME 
online luminosity


• Visible cross-sections:





• Estimated beam size:


,  


s = 13.6 TeV

σ1D = (4.79 ± 0.01stat) mb
σ2D = (5.06 ± 0.01stat) mb

σx = 31.1 μm σy = 21.4 μm

6

• Instantaneous luminosity provided to the LHC 
primarily by PLUME, when PLUME is not available 
by the RMS (which is cross-calibrated with 
PLUME): Procedure now in place 

• Van der Meer scan performed at the beginning of 
July to calibrate the instantaneous luminosity 
provided by PLUME at 13.6 TeV
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• Gas injection system and storage cell inside the 
beam pipe at the VELO position 

• Ne injection tests: Very stable operation 

• Gas injection and vacuum recovery in 30 
min 

• RICH and SMOG time alignment completed 

• SMOG contributing significantly to detector 
commissioning 

• Increase of  detectors activity 

• Increase of  rate of  collisions

SMOG2

33LHCb Status
V. Bellée                     LHCb collaboration

SMOG2

13

SMOG contributing significantly to the 
commissioning! 

- Increase of the detectors activity 
- Increase of the rate of collisions

SMOG2: gas 
injection system 
and storage cell 
inside the beam 

pipe at VELO 
position

Ne injection test: 
- Very stable operation 
(gas injection and 
vacuum recovery in 
30min each)
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And More!
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Observation of   
and  decays 

Phys. Rev. D105 (2022) 072005

B0 → D*0K+π−

B0
s → D*0K−π+
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Figure 3: Invariant mass distributions of (top) B0
! D⇤0K+⇡�, (middle) B0

s ! D⇤0K�⇡+,
and (bottom) B0

! D⇤0⇡+⇡� with (left) D⇤0
! D0� and (right) D⇤0

! D0⇡0 candidates,
with linear y-axis. The total fit result is shown overlaid as a solid blue line, with individual
components illustrated as indicated in the legends.

4.1 Modelling of signal and background components

Signal and misidentified background: Simulation is used to study the detector re-
sponse for both signal decays and misidentified background components. Such background
arises from b-hadron decays to D⇤0h+h0� final states, which pass the selection require-
ments with misidentification of the h+ or h0� particles. Misidentified background includes
cases of cross-feed, where a decay that is signal in one final state forms a background to
another. Non-negligible contributions to the D⇤0K±⇡⌥ final states are also found from
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D*0 → D0γ D*0 → D0π0

ℬ(B0 → D*0K+π−) = (5.18 ± 0.27 ± 0.34 ± 1.84) × 10−5

ℬ(B0
s → D*0K−π+) = (7.30 ± 0.18 ± 0.56 ± 2.59 ± 0.23) × 10−4

Searches for rare  JHEP 03 (2022) 109B0
s & B0 → 4μ
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Figure 7: Confidence levels (CLs) obtained from the CLs method to set limits on the
branching fractions of (top left) B0

s ! µ+µ�µ+µ�, (top right) B0! µ+µ�µ+µ�, (mid-
dle left) B0

s ! a (µ+µ�) a (µ+µ�), (middle right) B0! a (µ+µ�) a (µ+µ�), (bottom left)
B0

s ! J/ (µ+µ�)µ+µ� and (bottom right) B0! J/ (µ+µ�)µ+µ� decays.
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ℬ(B0
s → 4μ) < 8.6 × 10−10 ℬ(B0 → 4μ) < 1.8 × 10−10

ℬ(B0
s → a(μ+μ−)a(μ+μ−) < 5.8 × 10−10 ℬ(B0 → a(μ+μ−)a(μ+μ−) < 2.3 × 10−10

ℬ(B0
s → J/ψ 2μ) < 2.6 × 10−9 ℬ(B0 → J/ψ 2μ) < 1.0 × 10−9

95% cl

τL = 1.452 ± 0.014 ± 0.007 ± 0.002 ps

Measurement of  using  
LHCb-PAPER-2022-010 

Submitted to Eur. Phys. J. C

τL B0
s → J/ψη

Run1+2 Combination:

https://doi.org/10.1103/PhysRevD.105.072005
https://lhcbproject.web.cern.ch/Publications/l/LHCb-PAPER-2021-039.html
https://lhcbproject.web.cern.ch/Publications/l/LHCb-PAPER-2022-010.html
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More Beauty!
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B0
s → pp

ℬ(B0
s → pp) < 4.4(5.1) × 10−9@90 % (95%)CL

ℬ(B0 → pp) = (1.27 ± 0.13 ± 0.05 ± 0.03) × 10−8
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Constraints on CKM angle  from  
JHEP 07 (2022) 099

γ B± → D[h±h′ ∓π0]h′ ′ ±

RADS(K) = (1.27 ± 0.16 ± 0.002) × 10−2

AADS(K) = − 0.38 ± 0.12 ± 0.02
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https://lhcbproject.web.cern.ch/Publications/l/LHCb-PAPER-2022-004.html
https://doi.org/10.1007/JHEP07(2022)099

