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LHCb Overview
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LHCb is a general-purpose 
forward detector located at the 
Large Hadron Collider near 
Geneva, Switzerland.

Reference Links: [1] [2] [3]

[1]

[2]

[3]

It makes use of the boost in its forward 
rapidity region (2 < η < 5) to perform 
excellent reconstruction of b-hadrons.

https://lhcb-public.web.cern.ch/en/LHCb-outreach/multimedia/LHCbDetectorpnglight1.png
https://cds.cern.ch/record/40525
https://lhcb.web.cern.ch/speakersbureau/html/bb_ProductionAngles/14_eta_col_acc.png


The LHCb Detector
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Reference Links: [1]

Tracking

[1]

Particle ID

Magnet

Calorimetry Muons

https://cds.cern.ch/record/1087860


The LHCb Detector
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Tracking

[1]

Particle ID

Magnet

Calorimetry Muons

LHCb Upgrade I: 
● All tracking detectors 

upgraded with new modules
● New readout electronics on all 

subdetectors
● Hardware trigger removed

○ Full detector readout 
at 40MHz

https://cds.cern.ch/record/1087860


The LHCb Software-Only Trigger
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Reference Links: [1]

● L0 (hardware) trigger removed in the 
LHCb upgrade

● Run 3 trigger is fully software based
● 1st trigger stage (HLT1) implemented 

on GPUs
● 2nd trigger stage (HLT2) implemented 

on CPUs

Problem: the hardware trigger is rejecting a 
large portion of candidates at higher 
luminosities

Solution: remove the hardware trigger, 
operate with a software-only trigger

Old trigger prediction:

https://cds.cern.ch/record/1087860


Matter-Antimatter Asymmetry
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Reference Links: [1]

● The universe is made up of matter

● Standard Model predicts that matter 
and antimatter are created at the 
same rate

● There must be a source of production 
asymmetry, leading to more matter 
being produced

● Sakharov conditions for 
matter-antimatter asymmetry:

○ Departure from thermal 
equilibrium

○ Baryon number violation

○ Charge-parity (CP) violation

[1]

https://www.popularmechanics.com/space/deep-space/a31223484/milky-way-warped/


Introduction to CP Violation
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Reference Links: [1]

[1]

● Charge-Parity (CP) symmetry says that 
natural laws are the same when you:

○ Swap particles and anti-particles 
(charge conjugation)

○ Swap spatial coordinates (parity 
conjugation)

● CKM matrix describes the weak mixing of 
quark flavors

● CKM matrix alone is not enough CP 
violation to describe the total asymmetry 
in the universe

𝑊+

https://cds.cern.ch/record/1604630/plots


CP Violation in Baryon Decays
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https://arxiv.org/abs/2503.16954


CP Violation in Baryon Decays
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Reference Links: arXiv:2503.16954
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First observation ( of 
CP violation in baryon 
decays

● Found in the 
decay of 𝛬𝑏

● Studied multiple 
decay topologies 
and intermediate 
hadronic 
resonances

https://arxiv.org/abs/2503.16954


CP Violation in Baryon Decays
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CP violation explored in the 
different decay topologies, 
multiple hadronic resonances in 
the low mass regime

https://arxiv.org/abs/2503.16954


CP Violation in Baryon Decays
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Reference Links: arXiv:2509.16103

CP violation now also found in baryon decays to charmonium

Makes use of the enhanced penguin amplitudes present in the 𝑏→𝑐𝑐𝑠 
decays versus the mode 

https://arxiv.org/pdf/2509.16103


CP Violation in Charm Decays
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Reference Links: arXiv:2510.04963

● CP violation in 
𝐷0→𝐾𝜋𝜋𝜋 is time 
dependent, governed 
by mixing

● By measuring the decay rates of the 
different processes, we can extract these 
mixing parameters

https://arxiv.org/abs/2510.04963


Measurement of the CKM Angle 𝛾
13

Jake Pfaller December 17, 2025USLUA General Meeting
Reference Links: arXiv:2509.15139

● Measured in the decays 
𝐵→𝐷𝐾 and 𝐵→𝐷𝜋, where 
the 𝐷 can decay to 4 pions 
or 2 kaons and 2 pions.

● Binned analysis yields

● Phase space integrated 
result of

https://arxiv.org/abs/2509.15139


Searches for Rare Decays
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Reference Links: arXiv:2408.16646

● Rare decays 
provide an 
excellent probe 
of the standard 
model

● Evidence for the 
jpsjajaottjt thttj 
decay has been 
found 

 

https://arxiv.org/abs/2408.16646


Mixing Angles in the 𝜂/𝜂ʼ system
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Reference Links: arXiv:2507.13914

● Branching ratio of 𝐵→𝐽/𝜓𝜂 
and 𝐵→𝐽/𝜓𝜂’ measured

● Mixing angle (𝜙P) between 
the 𝜂 and 𝜂’ found to be

● Additional search for a 
glueball (bound state of 
gluons) component of the 𝜂 
by measuring the gluonic 
mixing angle (𝜙G)

● Possible interpretation: 
glueball presence in the 𝜂 
meson system

https://arxiv.org/abs/2507.13914


Measurements of 𝑅(𝐷+) and 𝑅(𝐷*+)
16

Jake Pfaller December 17, 2025USLUA General Meeting
Reference Links: arXiv:2406.03387, arXiv:2206.07501

● Lepton flavor universality is 
the standard model prediction 
that the electroweak couplings 
are equal between lepton 
flavors

● Measuring R(D(*)) is a good 
test on lepton flavor 
universality

https://arxiv.org/abs/2406.03387
https://arxiv.org/pdf/2206.07501


𝑍-boson Mass Measurement
17

Jake Pfaller December 17, 2025USLUA General Meeting
Reference Links: Phys. Rev. Lett. 135 (2025) 161802,

● Precise measurement of the Z 
boson mass provides a strong 
test of basic standard model 
principles

● W and Z boson masses are 
related in electroweak theory 
via

● Momentum scale was 
calibrated using quarkonia 
decays to dimuons in 
simulation

● The measurement of mZ = 
91.1857±8.3±3.9 GeV is 
consistent with the standard 
model and global results

https://journals.aps.org/prl/abstract/10.1103/ydn7-qx1d


Nuclear Physics at LHCb
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● SMOG allows LHCb to fill the 
interaction-point vacuum with 
noble gases

● This allows for fixed-target data, 
in addition to PbPb data from the 
LHC heavy-ion runs

● More heavy ion and fixed target 
results to be published in the 
future

Reference Links: JHEP 11 (2025) 103 [1]

https://link.springer.com/article/10.1007/JHEP11(2025)103
https://cds.cern.ch/record/2727007
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● LHCb has proven to be a 
versatile experiment with a 
wide variety of physics results

● Upgrade 1 has been 
completed, allowing for 
improved efficiency and 
precision in measurements

● Recent results have provided 
stringent tests of the 
standard model and windows 
to potential new physics


