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A LHCbD as Forward General-Purpose Detector at the LHC
A Motivations for upgrading the detector
A Upgrade plans for the LHC Run3 and Run4

0 Readout System

o Data processing and trigger

o New detector technologies
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0 SMOGZ2 and Fixed Target physics

A Conclusions
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The LHCb detector at the LHC

LHCDb proved itself to be the Forward General-Purpose Detector at the LHC:
A forward arm spectrometer with unique coverage in pseudorapidity (2 <, <5)
A catching 40% of heavy quark production cross-section in 4% of solid angle
A precision measurements in beauty and charm sectors

V  p/lp=0.5% at <20 GeV/c to 1.0% at 200 GeV/c

V IP resolution 15+29/p;[GeV], m for high-pT tracks

V decay time resolution 45 fs for B,A J. _ and B A D._
A Extended physics program to QCD, EW, direct searches
A Participation in heavy ion runs as well

Acceptance
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See talk #513

Excellent performance in
Run 1 and Run2
A Benchmark for upgrades

Int. J. Mod. Phys. A 30, 1530022 (2015)

.......
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Motivations for upgrading LHCDb

Go beyond Flavor Physics: from exploration studies to precision studies
A No significant signs of New Physics in Runl and 2 but anomalies observed!
V R(D*), R(K), R(K*), angular analysis of K* * -and more

: _ Design Run2
Aim at more precision! g_ :
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A CKM angle to ~1¢ % (a0
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A 2 . to precision <20% of SM value

A charm CPV search below 104 y
Remove limitations from hardware trigger!
A factor 2 yield between di-muon and fully hadronic decays L W 5
A remove necessary harsher cuts on p; and E;
A increase complexity of track reconstruction
A ageing and fast degradation of sub-detectors that needs replacing
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LHCDb physics reach with the
Phase-| and Phase-Il upgrades

Aim at collecting 50 fb* in Run3-4 and 300 fb* in Run5-6

arxiv:1808.08865

V Collected ~9 fb! of data in Run1-2

ICHEP2020,

xsin ¢ from multibody decays

(K3r) 4.0 x 107°

(K%m) 1.2 x 1074

Observable Current LHCbh LHCDb 2025 Belle 11 Upgrade 11
EW Penguins

Rk (1< ¢? < 6GeV3e?) 0.1 0.025 0.036 0.007
Ry (1 < ¢? < 6GeV2c?) 0.1 0.031 0.032 0.008
Ry, Ryk, Ry — 0.08, 0.06, 0.18 - 0.02, 0.02, 0.05
CKM tests

~, with B - D} K~ (Fan)e 4° - 1°
~, all modes (::::g)o 1.5° 1.5° 0.35°
sin 23, with 5% — J/v RS 0.04 0.011 0.005 0.003
oy, with BE — J/o 49 mrad 14 mrad - 4 mrad
&, with BY = DI D 170 mrad 35 mrad - 9 mrad
#:5%, with B — ¢¢ 154 mrad 39 mrad — 11 mrad
al) 33 x 104 10 x 10~* - 3x 1074
Vsl /| Ve | 6% 3% 1% 1%
B, B*—ptp”

B(BY = pu*u~)/B(B? = ptu) 920% 4% - 10%
TB_EJ—W—F!_ 22% 8% - 2%
Spp — - - 0.2
b — ef~p LUV studies

R(D*) 0.026 0.0072 0.005 0.002
R(J/v) 0.24 0.071 - 0.02
Charm

AAcp(KK — 7) 8.5 x 104 1.7 x 1074 54 x 1074 3.0 x 1075
Ar (= zsin¢) 2.8 x 1071 43 x 107 35 x 10~ 1.0 x 1075
xsin ¢ from DU — K¥7n~ 13 x 107* 32x1074 461074 8.0 x 107°

(K3m) 8.0 x 105



http://arxiv.org/abs/arXiv:1808.08865

LHCDb upgrades plan & strategy

~5 visible ~50 visible
interaction interaction

~1 visible
interaction
LHCbh— LHCb Upgrade l— o——LHCb Upgrade Il —
LS3
= -1 LS2 - 33 HL-LHC - s A4 — 1. M s -1
Linx=101b Injector upgrades £=2x10 ARSI es —_— L~50fb!T LY4 £=1-2Xx10 LS5 =L~ 300fb

Phase 2 upgrades

2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 20 31 MMMMMIIIM'

LHCb Upgrade I: incremental
improvements/prototype detectors

202 | 2022 | 2023 | 2024

TLHCb Upgrade |

Installation starts

LHCb Phase-I upgrade ongoing now during LS2 for Run3 and Run4

A full software trigger and readout all detectors at 40MHz

A replace tracking detectors+ PI1 D + VELO &setlcm?2-~ 2 X
A Consolidate PID, tracking and ECAL during LS3

LHCb Phase-Il upgrade during LS4 beyond Run4
A Use new detector technologies + timing to increase ~ 1 .3%secxcmi?0
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LHCb Upgrade-I| challenges

Remove LO trigger!

Achieved same reconstruction performance in harsher environment
Record all bunch crossings with fully software trigger

LHCb 2015 Trigger Diagram

40 MHz bunch crossing rate

LO Hardware Trigger : 1 MHz
readout, high Ev/Pr sighatures

450 kHz 400 kHz 150 kHz

. Software High Level Trigger

Partial event reconstruction, select
displaced tracks/vertices and dimuons

Buffer events to disk, perform online

detector calibration and alignment

Full offline-like event selection, mixture
of inclusive and exclusive triggers

e wispe
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