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New physics results since September LHCC week

Paper

Title

Arxiv Number

LHCb-PAPER-2024-031

First evidence for direct $CP$ violation in beauty to charmonium decays

LHCb-PAPER-2024-018 First determination of the spin-parity of the $\Xi_c(3055)"{+,0}$ baryons 2409.05440
LHCb-PAPER-2024-021 Measurements of $\psi(2S)$ and $\chi_{c1}(3872)$ production within fully reconstructed jets 2410.18018
LHCb-PAPER-2024-023 Measurement of the CKM angle $\gamma$ in $BM\pm\to DK/ {*} 2410.21115
LHCb-PAPER-2024-024 Analysis of $\Lambda_b \to pKA-\mu~r+\mu”~-$ decays 2409.12629
LHCb-PAPER-2024-026 Search for $B_{(s)}*{*O)\to \mu~r+\mu”-$ in $B_c A+ \to \pi*+ \mu~r+\mu”-$ decays 2409.17209
LHCb-PAPER-2024-028 Measurement of the effective leptonic weak mixing angle 2410.02502
LHCb-PAPER-2024-030 Constraints on the photon polarisation in $b \to s \gamma$ transitions using $B_s”0\to \phi e~+ e~-$ decays 2411.10219
LHCb-PAPER-2024-032 Test of lepton flavour universality with $B_s”0 \rightarrow \phi \ell*+\ell*-$ decays 2410.13748
LHCb-PAPER-2024-033 Study of $D_{s1}(2460)"+ \to D_s"+ \pi*+ \pi*-$ in $B \to \overline{D}N(*)} D_s+ \pi*+ \pi*-$ decays 2411.03399
LHCb-PAPER-2024-036 Measurement of $\phi$ meson production in fixed-target pNe collisions at $\sqgrt{s_{NN}} = 68.5$ GeV at LHCb 2411.09343
LHCb-PAPER-2024-041 Measurement of $\psi(2S)$ to $J\psi$ cross-section ratio as a function of centrality in PoPb collisions at $\sqgrt{s_{NN}}$ =5.02 TeV 2411.05669

LHCb-PAPER-2024-034

Amplitude analysis of the $\Xi_c/+ \to pKA-\pi*+$ decay and $\Xi_c/+$ baryon polarization measurement in semileptonic beauty hadron decays

LHCb-PAPER-2024-038

Measurement of multiplicity dependence of $\Upsilon$ production ratios in $pp$ collisions at $\sqrt{s}=13$ TeV

LHCb-PAPER-2024-040

Observation of the open-charm tetraquark state $TA*_{cs0}(2870)~0%$ in the $BA- \to DA- D0 KA0_S$ decay

LHCb-PAPER-2024-042

A measurement of the differential cross-section for $\rho$ mesons produced in ultra-peripheral PbPb collisions

LHCb-PAPER-2024-043

Study of $\Lambda~{0}_{b}$ and $\Xi*{0}_{b}$ decays to $\Lambda h + hA{\prime -}$ and evidence for CP violation in $\Lambda”{0}_{b} \to \Lambda K"+ KA-$

LHCb-PAPER-2024-044

Search for charge-parity violation in semileptonically tagged $D/0 \to KA +\pi*-$ decays

LHCb-PAPER-2024-045

Study of light meson resonances decaying to $KA0_S K \pi$ in the $B \to (KA0_S K \pi) K$ channels

LHCb-PAPER-2024-046

Test of lepton flavour universality with $BA+\to KA+\pir+\pir-\ellr+\ellr-$ decays

LHCb-PAPER-2024-047

Search for $D"0$ meson decays to $\pi*+ \pir- e+ eN-$ and KA+ KA- er+ eN-§ final states

LHCb-PAPER-2024-048

Measurement of $C\IP$ asymmetries in $\Lambda_b” 0\to ph”-$ decays with the full LHCb Run 1+2 data sample

T. Mombacher
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Measurement of ¢ meson production in fixed-target pNe
collisions at 4 /syn = 68.5 GeV

» LHCDb-unigue SMOG setup,

| [2411.09343]
collected in 2017 { —s

» Study potential Quark-Gluon- S LHCb
] ] O Vsxn = 68.5 GeV pNe
Plasma (QGP) formation insmall = [ . —— Data
N mmT - EPOS 4.0.2.ef
systems % 107" T -++= Pythia 8.312
» Strangeness enhancement in QGP, & T -13<y*<0
: : s =
@ in ordinary matter OZ| E:
Sl 102
suppressed lic
» Important reference for heavier B
systems and generator tuning 10_3'. o s o
10 » [MeV/e
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https://arxiv.org/abs/2411.09343

Observation of T™
csO

y csiid, crucial for understanding QCD
confinement

» Previous observation of 1 0
B~ — D™ DTK™ together with T
[PRL125(2020)242001]

» New discovery of I

Run 1+2 data set
CS1(29OO)O not significant

. Test isospin asymmetries: 1
ISOSpIN conservation

s
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https://doi.org/10.1103/PhysRevLett.125.242001

Evidence for direct CP-violation in baryons

» No CP-violation in baryons observed to date

» Study Ag/ Eg
data

» Search/measurement of branching fractions

» Measurement of CP asymmetries, evidence of direct CP V|olat|on (3 10)

IN AO —> AK+K_ césooj— (a) ﬁ LH‘%"QI‘E-H’I &
QO - il — lotal 11t .
AAF (/10 — Artr™) = —0.013 £ 0.053 + 0.018, 2 o0 | I A
AACP (A9 — AK*7~) = —0.118 & 0.045 £ 0.021, 5 2F S ATt
R — QO : omb. bkg.

AATP (A > AKTK™) = 0.08 gop [ Mw AKKy
. , — "é ----- A)— AK*Kn° :
AACP (:,9 — AK mt) = 027 £0.12 £0.05, g 100 ) Proliminary [
0 by S bttt 5

5400 5600 5800 6000

m(AK*K™) [MeV/c?]
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[LHCb-PAPER-2024-043]

— AhhY with all 6 final states (& = 7, K) with full Run 1+2

Preliminary
LHCb 9.0 fb~! -
— Total fit §
— A, AK'K" .
— E,— AK 'K ]
--- A,— AK m*(mis)
Comb. bkg.
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Test Lepton Flavour Universality (LFU) in BY — ¢¢ ¢~ and

BY - Ktantn ¢~

» LFU ratios clean probes theoretically and experimentally
e Hadronic uncertainties cancel

 Many systematic uncertainties cancel, especially with double ratio 2 ’

BB — heTeT)/ BB — hlly(eTe™))
BB - hutu ) BB = hIly(utu-))

R,

.

| : 1 l L |

[2410.13748]

LHCb Lip, =9fb "
— low-¢*
central-g?
— high-¢*

O-I

0.9

1.0

» NEW measurements of R, and Ry, ,+ with Run 1423 "[T7T

S

—2(Alo

. First testin BS and study of complex K™z "z~ system
 Measurements compatible with the SM

» NEW: the up-sector joins through first observation of

DY — 7Z'+7Z'_€+€_[LHCb-PAPER-2024-O47] F

o

I 1 1 1 I 1 1 1 I 1
LHCb 9fb~!

----- SM ]
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********* +20 ]
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[LHCb-PAPER-2024-046]


https://arxiv.org/abs/2410.13748

Successful 2024 pp data - meeting the goals

.LQ —2024 (13.6 Te) \ ) 4 - T MOre data than aII
*;: — 2023 (13.6 TeV) 0:3%ib” :
= gl —2022(136TeV): 0.82 0" Previous years
5 — 2018 (13 TeV): 2.19 fb™
g — 2017 (13 TeV): 1.71 fo™! tOQEther
S5 gl 2016(13TeV): 1.67 fo _
— — 2012 (8 TeV): 2.08 fb™ : | ; o
§ — 2011 (7 TeV): 1.11 ! MOVG tO d@Slgn ggnanSIty
é 4 — OCZlnst:ZX 1() Cm_Z/S
T UT included >70%
O
L 2
O
@)
D
E 0 | wd
Mar May Jul Sep Nov

Month of the year
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Muon ID efficiency
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I Normalized events
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Exploit flexibility of LHCb first level trigger

X

» Include UT in HLT

» Better ghost suppression

« Forward tracking in addition to matching
— mitigate saturation at high

occupancies UT
» New trigger selections extending Velo

the physics program even more _— Long track

« soft displaced dielectron trigger
— targeting strange decays to

dielectrons Velo track Downstream track

e Reconstruct downstream tracks

@30MHz (HLT1) i~ T track
— boost measurements with long-lived

particles Magnet

Upstream track SciFi

T1 T2 T3

Z
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Downstream tracking in HLT

[LHCDb-FIGURE-2024-035]
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only moderate throughput reduction

73.19 kHz

Forward + Matching + Rest HLT1

67.50 kHz Forward + Matching + Rest HLT1 + Downstream

LHCb 2024
Run 306411

Throughput in RTX A5000 (kHz)

Candidates


https://lbfence.cern.ch/alcm/public/figure/details/4155

Collaborative efforts to keep bandwidth under control

» Significantly more data due to higher &;, /|

INSt
» Efforts across all physics working groups,

improving HLT2 selections and keeping stored
data within limits

» Further refinements during YETS planned in view
of extended data taking into 2026

Sprucing (output to disk) J./

Rate (kHz)

Rate (kHz) for each WG in the Full stream

w
8]

1 LHCb October 2024
B Current I TDR

= N N w
(] o Ul o
1 1 1 1

Bandwidth (GB/s)

=
o
1

[LHCDb-FIGURE-2024-034]
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Calib Lumi Total

LHCb Simulation

60.84

HIt2 (output to tape)
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10 1 LHCb October 2024
 Current s TDR

Bandwidth (GB/s)

Full Turbo TurCal Calib Lumi NoBias
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https://lbfence.cern.ch/alcm/public/figure/details/4159

LHCDb performance in 2024 - Trigger

» Removal of hardware trigger (LO) improves efficiencies for hadrons (x2)
and electrons as expected

» Even improvements on Muon trigger efficiencies!

[LHCb-FIGURE-2024-030]
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https://lbfence.cern.ch/alcm/public/figure/details/3837
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LHCDb performance 2024 - Strong particle
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https://lbfence.cern.ch/alcm/public/figure/details/4037
https://lbfence.cern.ch/alcm/public/figure/details/3983

% 30000 -
O f ﬂ d t . qg). 25000 Analysis Productions
ine data processing g
Transfered data by Destination CTJ 20000
N 32 Weeks from Week 12 of 2024 to Week 44 of 2024 _g 1 5000 q
-
Almost ~80 PB o 10000
Ml exported from P8 this year =
2 4 ‘—§ 5000
o g 0
T © o0 (@) o — N ap) <t
— — AN N N N N
il o o o o o o o
N N N N N N N
» Analysis Productions to handle huge data load and process

T T=
Apr 2024 May 2024 Jun 2024 Jul 2024 Aug 2024 Sep 2024 Oct 2024 Nov 2024

Max: 78.2, Min: 0.00, Average: 33.5, Current: 78.2 tuples
San BP BOMEW 12 BN B « User decides the desired quantities, automated tests with Git Cl
120 pg Weekly volume of data archived at the Tier-0 (PB) during Run3 e (small local test productions)
o e m— | I . Data processing handled centrally
a0ps = OMS = ALICE » Large use, 700+ “live” AP pick up data as it was spruced
50 PB | l | | « Analysts looking at data ~days after being recorded
o ||| | H i 2024 pp ready for data analysis:
2.0 PB I ; s
S ."h||'.......l..\...ll.l |...|||||} ‘ el |||I| i, I|| Data Quality of all pp collision data assessed
| 2022 | 2023 2024

T. Mombacher EBEI=R eI 0aal=rCIanll T VR ST @V/[e) LHCC Open Session Nov 24 | LHCb Status Report 15



New Tool to explore Open Data: Ntuple Wizard

» Based on Analysis Production as scalable and user-friendly tool to handle huge data
» Released Run 1 data set end of 2023, 50% of Run 2 to be released 2025

» Publicly introduced in Mini-workshop 22.10. (in context of Implications Workshop)

e

LHCb Ntuple Wizard
) bubmit request to LHCb
: Generate Ntuple w responsible Ntuple creation via
L L';';‘;ﬁ,s) iz production job Analysis Productions
J configuration J on WLCG

Feedback with
metadata &
documentation

Ntuple stored on Ntuple delivery mechanism
Open Data Portal

LHCb Ntupling Service
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https://indico.cern.ch/event/1429526/timetable/#20241022.detailed

Simulation

» Many activities ongoing
» 2024 data taking:

 Different simulation for different periods (beam conditions, luminous region, VELO
position, trigger decisions)

« Simulation ready for some periods
* Implementation of detector conditions soon (VELO, SciFi, UT)

» Development of Gauss-on-Gaussino A G
* New framework for Run 3 and in perspective of Upgrade |l B, S
» Support of DetDesc and DD4HEP % Gaussino o

» Fast (ML-based) simulations interface

EvtGen

Pythia Geant4 Gaudi

T. Mombacher LHCC Open Session Nov 24 | LHCb Status Report 17



Offline Computing

» Efficient use of available WLCG CPU resources (~89% used for simulation)
» Started using 50% of the CPU of the HLT2 Farm (not full farm needed for PbPb)

Running jobs by Site
7 Days from 2024-11-07 to 2024-11-14

Running Jobs (ES)

‘ “"m“ﬂ‘ ML L' IM l "' al l M! Vil ﬂm'?uf M 1A

~ 100K ’r' i lf I ’ “ “ ” m c '| J| “ J 1;| '{’V ’\ "1 ” t‘ I l‘ ‘ f H || | |,| ' ‘

80 k I ’ i \ f ‘ ‘ “ l lq||“ ‘l"‘ l | ‘|’ ' f":r‘!' | L.’ T!’,‘\“ I(“ ﬂ!” : 1 ’
(i PR L AL

t
k ( | ’ |1 | | Mo Al ¥ y
k ‘ J ' ":\ ‘n | \ f
| ll ' ) ‘ ‘ l \ | f 'U | IK ' “ 'I“ \1' | \ ‘ ‘J “ ‘ |‘| .
\ | |
l' i | L — | 2024-11-08 2024-11-09 2024-11-10 2024-11-11 2024-11-12 2024-11-13 2024-11-14

20k | \ | ‘ A " Max: 299, Average: 169, Current: 7.62

26/05 02/06 O 16/06 23/06 30/06 07/07 14/07 21/07 04/08 11/08 18/08 25/08 01/09 08/09 15/09 22/09 29/09 06/10 13/1
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Unprecedented data sample during pp-reference run

» Stored > 200 pb~! pp collisions (target: 100 pb~1)

» Large amount of diverse pGas data:
. collisions with H,, D,, He, Ar
. Increased luminosity by ©(10 — 100) thanks to innovative SMOG2 cell

LHCDb Integrated Luminosity in 2024 p-p reference run, All SDs

Thanks to CERN Vacuum Group for good collaboration!

- 1 | | | | |
PU | — 6
D GG b e e ! 10 LHCb - 2024, s = 70.9 GeV - 2024, s =113 GeV
g - Delivered Lumi: 246.06 pb ' (2.68 TeV) 'g IS o
‘D [ : : : : L 5
— : : : e 2016, \/ =110 GeV 2017,\/ = 68.6 GeV
é 300 - ...................... Recorded Lumi: 233.13 pb 1 (2.68 TeV) E\ 10 SNN c S\N €
3 B | : : ' | ‘% 10* —— 2016, |5y = 86.6 GeV 2015, |5y = 110 GeV
D 250 g ?
© — 3
— R
£ 200 = 5
- = 10
= - ?
150
- g 10
- S
100 |- B0 1
- O ?
= = 107!
50 |- & 10 ?
I s : : é : s -2
- ° ~ ° ° ~ o ~ 10
1 I 1 1 1 l 1 1 1 l 1 1 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1
10296 10298 10300 10302 10304 10306 10308 10310 10312 pH, pDb, pHe pNe pATr PbAr
LHG FlIl Number Collision system
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Clean Kg — 77~ reco @30MHz

In the monitoring

2024 Heavy lon run

1.000e+5 - Mean: 493.03
RMS: 25.12
» Ambitious PbPb data taking: PbPb collider and high rate
PbGas with SMOG2
» PbPb: Full minimum bias strategy, veto high multiplicity (~30% " R
. . — . . Seee et oeesesessesssmenmsmacanacacnancnsnacannanan
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Activities during YETS

» VELO: remove shims (safety: prevented full VELO closing before)

 ~10% Improvement in IP resolution
« Leaks check and fixing for UT and VELO

» Magnetic Field measurement campaign
» Especially edge of acceptance — improve alignment

» Consolidate SMOG injection — higher flexibility
» Consolidation Cooling — improve stability
» + general maintenance tasks

No major co-activities
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Upgrade I

» Ultimate flavour factory in coming decades
* Improve sensitivity by 3-4 wrt current detector
* Drive tech developments for future experiments and facilities

» Scoping document under review by LHCC, recommendations expected in 2025/
Q1
» Making sure all lessons are being learned

» Minimise number of ASIC developments and perform thorough validation
— Ensure communication with designers in test stage

» DAQ and Firmware establish design early and benefit from LS3 enhancements
— start commission early with final DAQ system

Run 3 Run 4 Run 5
2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041

TDR phase Construction phase Installation
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Conclusions

» 2024 implied a lot of hard work, but is a (still ongoing)
success!
 Run 1&2 still yield large physics output with important impact

* Running at design luminosity Thank you, LHC!

 Met the goals: more data this year than all previous together!

« Smooth and efficient across nominal pp, pp-reference, Heavy lon,
SMOG2

« Simulation getting ready for 2024 analyses
* First Run 3 publications in the pipeline

» Looking forward to a(nother) year of luminosity
production in 2025!

» Upgrade Il preparations forming steadily
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