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Beauty/charm production
* Large production cross-section @ 7 TeV

— Minibias ~60 mb

— Charm 6 mb } Elavour factory! All b-hadrons:
— Beauty  ~0.3 mb cf. 1nb @Y (45)

* Predominantly in forward/backward cones
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Beauty/charm signature

Beauty Charm
M~ 5 GeV M= 2GeV
Sy A 7o
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e Compared to minimum bias (background)

— Relatively high mass =2 high transverse momentum
— Relatively long lifetime - large impact parameter (IP)

* Requires excellent vertexing, tracking, particle-identification



The LHCb experiment
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The LHCb trigger ;5
* 10, Hardware

o 0 I :
LO Hardware Trigger :|1 MHz — DPT (.ul) XPT (,le) >(15 GEV)

readout, high Er/Pr sighatures — D (/.t) > 1.8 GeV
— ET(e) > 2.4 GeV
 Software High Level Trigger ; — ET (y) > 3.0 GeV
[ Partial event reconstruction, select ] B ET ( h) > 3.7 GeV

displaced tracks/vertices and dimuons
Buffer events to disk, perform online . 1 :
detector calibration and alignment * H Ig h Level Trl gge I

450 kHz 400 kHz 150 kHz
H/Hp

:[Ful offline-like event selection mixturej — Stage 1, P, P

of inclusive and exclusive triggers

3 I — Stage?2, full selection

12.5 kHz (0.6 GB/s) to storage




The LHCb trigger ;.3

LHCb Trigger

30 MHz inelastic event rate
(full rate event building)
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Full event reconstruction, inclusive and
exclusive kinematic/geometric selections

. design Run I/11 .
L0 removed - 0
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Luminosity (x 1032cm=2s71) >
PSR st AR . Buffereventstodisk, performonline
. Software High Level Trigger . detector calibration and alignment

Partial event reconstruction, select
displaced tracks/vertices and dimuons
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Buffer events to disk, perform online Add offline precision particle identification

detector calibration and alignment and track quality information to selections

. Output full event information for inclusive

y - - - . ¢ triggers, trigger candidates and related
[Ful offllne-_llke event sele_ctlon_ mlxtureJ primary vertices for exclusive triggers

of inclusive and exclusive triggers \ y
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* |Indirect search for New Physics

— CP Violation

— Rare decays

* Quantum Chromodynamics

— Spectroscopy (Quark model + strong interaction)

Physics programs at LHCb

— Production (PDF, hard scattering, fragmentation)

proton 1

* Heavy lons
e Electroweak

Prarton

Pparton:

A |
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* First observation!

[arXiv:2503.16954]
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e Evidence also found in AAgp(A) = AKTK™)
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[PRL 134 (2025) 101802]



* First observation!

[PRL 122 (2019) 211803]
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[PRL 132 (2024) 051802]
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[LHCb-Conf-2024-004]

CKM-y combination sl /W
Simultaneous determination of CKM-y &
charm mixing parameters b
—CKM y = (64.6 + 2.8)°
— Charm mixing x = (0.41 + 0.05)%, :
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Suppressed in SM, could be enhanced by New Physics

PRL 128 (2022) 041801

PLB 842 (2023) 137955
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[PRL 125 (2020) 011802]
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-21-002/index.html
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Lepton flavour universality

* Leptons (e, u, t) have identical coupling to gauge bosons

q < q q < q
b g > ¢ b —»
- - t
Ve
— which means, e.g., 0(10~*) uncertainty
B(B+ N K+M+M_) [C. Bobeth et al., JHEP 12 (2007) 040]
RK — ~ 1 0(1%) QED correction
B(Bt* > K*tete™) [M. Bordone et al., EJPC 76 (2016) 440]

* Lepton flavour universality violation? New Physics!
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LFU in b = s£7 £~ decays

e All consistent with Standard Model for now
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* Deviations from SM seen by Babar/Be
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[EPJC 84 (2024) 1274]
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Double parton scattering @
* Ay used to separate DPS from SPS,
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Y.E. KANG, Poster 104

Charmonium suppression
In 2013 LHCb Jomed heavy-lon run for the 1st time_
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Open charm in pPb

J.Q. WANG, April 26, 11h55
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[LHCb-Conf-2023-002]

Nuclei production
* New method to identify d and 3He
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[LHCb-Conf-2024-005]

e Antihelium in cosmic rays,

* One explanation of antihelium by AMS02, dark matter
annlhllatlons to bb A} has significant BR to 3He
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“Smoking gun” for new physics
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W /Z boson mass

* CDF results on W mass demand * First direct measurement of m,

more measurements at LHC at LHC
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[CERN-LHCC-2018-027, 2021-012]

The LHCb upgrades
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* Calibration / alignments much |mproved

Data-taking in 2024

Candidates / [0.05 GeV/c?]

— 700 ]
kS B LHCb-Figure-2024-037 = 3
> 600 _. pata LHCb Preliminary 2024 —
(05 500 ; N ?83 Before alignment E
Va) E Y(38) 0,5= 0.069 =0.005 GeV/c> ]
S [ -.-.Background ’ ]
o 400 — Fit model Oy = 0.080 £0.012 GeV/c>
e - ,
~ E Oy = 009320013 GeV/c? ]
300 * —

g Tk ]
S 200F -
RN ]
s 100 =

o 0:\ M R e —

2018

40 MHz bunch crossing rate

LO Hardware Trigger : 1 MHz
readout, high Er/Pr signatures

450 kHz 400 kHz

H/pp

150 kHz
e/y

. 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

L I+ L

10 11

m(uu) [GeV/c?]

2024

30 MHz inelastic event rate
(full rate event building)

700
600
500
400
300
200
100

0

:Software High Level Trigger

Full event reconstruction, inclusive and
ric selection:

ive ki ic/g

Buffer events to disk, perform online
detector calibration and alignment

primary vertices for exclusive triggers
\

Add offline precision particle identification
and track quality information to selections

Output full event information for inclusive
triggers, trigger candidates and related

~

J

J . U
2-5 GB/s to storage

—— Data
Y(1S)

W Y(2S)
Y(3S)

— Fit model

... Background

LHCb Preliminary 2024
After alignment

O,5= 0.039 £0.001 GeV/c*

0,5 = 0.042 £ 0.004 GeV/c?
0y = 0.053 +0.008 GeV/c?

9 10 11
m(uu) [GeV/c?]
2 e 5
& [ LHCD Preliminary HLT?2 Turbo 0.16 =
2120 4 2004 HIt (TwoyTrackMvA 10148
§ [ -+ Run2L0Hadron + Hitl(Two)TrackMVA g
B 1.0p==m==m=mo =T L L P TP O J0.12 &
2 T i = 0128
(5} [ — =
122} L - ]
B08} s 0.10 =
& —~ 1 3
o6k = 10083
i 1 kel
i — J0.06 £
041 — 1 C
: — Jo04g
02p —_— J0.02
oo e 1
5 10 15 20 25

Transverse momentum, pr(B°) / GeVc™!

3 5
= 70000f

L]

=
=

3 40000F
2 30000

.-.-'
G.t
TJ

< 60000F

LHCb-Figure-2025-004

0
2000

o LHCb preliminary ---= B~ — D1~
§ 30 2024 PbPb » | Com.b.
> /snn = 5.36 TeV, 0.43 nb Partial reco.
= Fit
— Data
— 20
~
n
S
-
= 101
=i
<
o

5100 5200 5300 5400 5500

m(D7~) [MeV /c?]

Fully hadronic B decays in PbPb

50000E

= 200005
10000

5100 5200

LHCb Preliminary
2024

—— Data
Signal

C] Combinatorial
CZB'= D4 p)

5300

5400 5500
m(D" ") [MeV/c?]

5600

Trigger efficiency for hadronic modes improved by ~2

30




[LHCb-Figure-2023-008]
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[CERN-LHCC-2018-027, 2021-012]

Prospects
LHCb upgrades (2025: 23 fo, upgrade-i: 300 o)

Observable Current LHCD LHCb 2025 Belle IT Upgrade II ATLAS & CMS
EW Penguins
Rk (1< ¢* < 6GeV3c) 0.1 [274] 0.025 0.036 0.007 -
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Ry, Ryk, R - 0.08, 0.06, 0.18 - 0.02,0.02, 0.05 =
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Sup = = = 0.2 -
b — ¢~ LUV studies
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Charm
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Summary

 Many interesting results from LHCb

— Baryon CPV, ¢¢; B —» u*tu~, b - su™u~; Exotic hadrons,
charmonium production in pp and in pA, antihelium; W /Z mass

collaboration between theory and experiments essential
» Stay tuned w/ LHCb upgrade (50 fbt) & upgrade-I| (300 fb!)

— Trigger efficiency for hadronic modes improved by factor of ~2

— Improving calibration & alignment essential for precision

* Your suggestions are always appreciated!



