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Introduction

LHCb: a general purpose spectrometer in the forward direction
(2<n<5), optimized for high-precision heavy--flavour physics.
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it ~ 4% of the solid angle (2 <n < 5),
~30% of the b hadron production




[JINST 19 (2024) P0O5065]
Run3 and Run4

Introduction

Tracking:

Tracking Y a
detectors

- VELO - Silicon Pixel: 52
planes, 41 million
channels.

- UT - Silicon strip: 4
planes

- SciFi — Scintillating
Fibres: (12 planes of
2X2.5m)

PID:

- RICH1and 2

- Calorimeters,

- Muon chambers

- Dipole magnet with 4
™



http://cds.cern.ch/record/2859353
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Introduction

LHCbs physics programme has evolved and grown a lot in the last years.
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[LHCb-CONF-2024-004]

Improved determination of the CKM angle y
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https://cds.cern.ch/record/2905625/files/LHCb-CONF-2024-004.pdf

Improved determination of the CKM angle sin(2p)

[Phys. Rev. Lett. 132 (2024) 021801]
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« Most precise single measurement of sin(2f) to date

sin(2f6) = 0.716 £ 0.013 (stat.) £ 0.008 (syst.)
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[LHCb-PAPER-2024-008]
[arXiv: 2407.18001]

CPV in charm sector: D° — K*zi— and D° — D° Mixing

« In SM, charm CPV effects are predicted to be very small, 0(10~* — 1073)
 Direct CPV in charm has been observed by LHCb in D® - hth™ , Acp(K*K™) — Acp(mtm™) # 0 [1]

« D% > K*r~ allows us to measure mixing and all types of CPV
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https://indico.cern.ch/event/1439876/contributions/6059164/attachments/2899876/5085102/LHCb-PAPER-2024-008.pdf

CPV in charm sector: Dt - K"K n™

« Asearch for CPVin D* - K"K*nt decays using
binned model-independent technique to compare
the D* and D~ phase-space distributions with
instrumental asymmetries subtracted using the
D.* - K~K*rn* decay as a control channel.

» In addition, Measurements of the CP asymmetry in
the phase-space region dominated by D* — ¢,
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https://arxiv.org/abs/2409.01414

Antihelium production in A} decays: Dark matter annihilation

LHCb-CONF-2024-005

First results on (anti)helium production in A} decays.

~ 0(10'1) AY produced at 13TeV

= measure Aj branching fraction down to 0(1078)
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and Silicon
Strips Tracker

SHe(ppn)

B(A) — 3Hepp) < 1.9 x 1077 at 90% CL,

B(AY — 3HeppX) < 1.6 x 107% at 90% CL,
B(Z0 — 3HepX) < 3.6 x 1078 at 90% CL.
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Pioneer of hadron spectroscopy

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

What a pleasure to make contributions to text book physics
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First observation of muonic Dalitz decays of y;, mesons [arXiv:2408.05134]
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https://arxiv.org/abs/2408.05134

[arXiv: 2406.17006]

Probing the nature of the mysterious y.,(3872)

» The radiative decays xc1(3872) — yp(2S)y and xc1(3872) — J/wpy are used to probe the nature of the yc1(3872)

« Using the B* — xc1(3872)K* decay, the xc1(3872) — p(2S)y process is observed for the first time and the ratio
of its partial width to that of the xc1(3872) — J/wy decay is measured to be
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https://arxiv.org/pdf/2406.17006

[arXiv: 2406. 03387]

New LHCb measurement of R(D™™)
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https://web3.arxiv.org/abs/2406.03387

Angu]ar ana]ysis of B —» K¥e+e— LHCb-PAPER-2024-022
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Observation of the rare £*—putu- decay LHCh-CONF-2024-002

D 120F T MO
S—-. B LHCb_i’relimi.nary B é__'_? 3 5 f_ LHCb Preliminary _f
2 B —e-Data 4 2 30 =
W - — Full model 7 - + Popa E
0 80— . ) — o 25 —&- Dana —
N L ‘ X putu . ~ C N -
- " e Background ] — - Simulation PHSP 3
~; 6ol g ] - 20 E + ++ + Simulation SM =
(] = — ﬁ C .
- ] 2 I5E + H. =
T 40 7 - -
.'6‘ L . 10 & +++ —_
= C ] SE + + ]
S 20p E ! + .
0 B AR NN TN b i = e
1150 1200 1250 1300 13[513[6\{/61;]-00 770 730 240 250

o [MeV/e?]

PU U™ mass spectrum My

background-subtracted p*p~ mass spectrum


https://cds.cern.ch/record/2899907/files/LHCb-CONF-2024-002.pdf

Analysis of A°, — pK-u*u~ decays [arXiv:2409.12629v1]
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http://arxiv.org/abs/arXiv:2409.12629
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Upgrade I [arXiv.2305.10515]
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https://arxiv.org/abs/2305.10515

Upgrade I - Trigger and online system 10.17181/CERN.QDVA.5PIR
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Upgrade-II: Physics case: ultimate precision

LHCb will test the CKM paradigm with
unprecedented accuracy
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Data Acquisition and Triggering [CERN-LHCC-2021-012]

Architecture Run3 Run 5

Readout units
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32 Tb/s (Versatile Link) Underground
YYYYYYYYYYYVYYYYYYYVYYYYYYYYYYYY VY YYYYYYYY. (UX85)
Y : ’ v : :
: 1118 i : 111000 : 5 Experiment 5
] ‘ | Iigga Control i Surface
A PN i iy iy if il | System
i | (ECS)
32 Thls | Event Buil v Timing
: Ve B o Fost 400 Gb/s
(InfiniBand 200G) g Commands o
v 8 (TFC) 1000 Gb/s
~160 servers: DAQ + event buiIder + event filter first pass (on GPGPUs)
400 Gb/s
1 Tb/s
Y
BRIER ele] ]! Buffer storage BRIAR BRIERA
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Event filter second pass (~4000 servers)

HLTbufferstorage T B T R
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* Much more data
« 3x data links 11000 (x5 Gbps) to 30000(x10 Gbps) * Need to split EB and move underground (link limitations)
« 5x readout throughput ~ 32 to 160 Tbps « FPGA ((PCIle400) based read-out boards to interface
 5x output to tape 80 2> 400 Gbps Front-end with event-building


http://cds.cern.ch/record/2776420/files/LHCB-TDR-023.pdf

[CERN-LHCC-2021-012]

Upgrade-I Trigger and online system

Targeting same performance as in Run 3, but with ~7 times the pileup of Run3g

Side View

Magnet &

Magnet Stations TORCH
,RICH2

PicoCal

LHCb
UPGRADEII

Technical Design Report

! L= I e )

[CERN-LHCC-2021-012] LHCb Upgrade |I



http://cds.cern.ch/record/2776420/files/LHCB-TDR-023.pdf
http://cds.cern.ch/record/2776420/files/LHCB-TDR-023.pdf

Conclusion

« Wrapped up a number of legacy measurements with Run 1/2
« The LHCb programme is in constant evolution

« Detector stably operating, expected improvements of trigger efficiencies covering wide
range of physics.

« Already preparing Upgrade II

Thank you
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Figure 1: Distributions of the three kinematic variables in the signal isolation region, with the

fit result overlaid. The ¢? distribution is shown over the full fit range whereas m2 . and E, arc
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New R(D™) W.A.
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Measurement of the effective leptonic weak mixing angle

LHCb-PAPER-2024-028
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0 [Phys. Rev. Lett. 133 (2024) 101803]

CPV in charm sector: D° - ntm~m

FDO_}fCP (t) o F50—>fcp (t)

FDO_}fCP (t) —|_ F50—>fcp (t)
 The initial flavor of each D° candidate is determined from the . t

« A search for time-dependent CPVin D° - n*r~n® decays Acp(fop,t)

charge of the pion produced in the D*(2010) "> D%+ decay

e Control channel D° - K*tgtnY

« The gradient of the time-dependent CP asymmetry is < 1 x — T ; lLHC.b ]
measured tobe AY = (=1.3+ 6.3+ 2.4) x 1074, E 0.5 _ ll + + T _E
= of | .
Consistent with W.A, no CPV > B I * 1’ +~'— :
< -0.5F =
i D'—r'rrn’ 3
I 2 4 6 g
1T

[1] 10.1016/j.physletb.2015.05.043



[LHCb-DP-2023-003]
[LHCb-CONF-2023-002]

New area of physics

» The observation of antihelium in Cosmic Rays could be a signature of physics BSM

« LHCb can measure helium production in the forward region that is unexplored by other experiments
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