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LHCDb experiment

JINST 3 (2008) S08005

« LHCDb, originally designed for b- and c-hadron physics, is now
considered a general purpose forward detector

-  Study complementary region w.r.t. ATLAS and CMS

* Lower pile-up (~1 in Run 2) means cleaner events

e Excellent track momentum resolution: 0.4% at 5 GeV and -
0.6% at 100 GeV Tracking
« Excellent vertex reconstruction helps in jets identification: B t1a{e]yl

tagging of b- and c-jets with reconstruction of secondary
vertices

SPD Calorimeters
two RICH detectors

ATLAS

* Muon ID efficiency: 97% with 1-3% p — 1 mis-identification — ﬁlgoil
o a
CMS
» Electron reconstruction with bremsstrahlung recovery BN ECal
B Tracking
LHCb
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Int. J. Mod: Phys. A 30, 1530022 (2015)
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https://www.worldscientific.com/doi/abs/10.1142/S0217751X15300227
https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005/meta

What has been
studied so far?
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Higgs physics @ LHCDb

* ggF: i « Extended Higgs Sector:
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BSM studies B
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« 2DHM into dimuons @)

« Searchfor H — 77 Qj

e Inclusive search for H = bb and H — c¢¢ N
(in progress)

e NMSSM and MSSM: |
 Higgs into neutralinos 0?,'*“'
. VH: + NMSSM Higgs into dimuons &)~

e Searchfor H — bb and H — ¢¢C

* Exotic Higgs Decays: _
* LFV Higgs-like bosons decays @)

 Higgs into dark pions '
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https://link.springer.com/article/10.1007/JHEP05(2013)132
https://cds.cern.ch/record/2882626
https://cds.cern.ch/record/2209531
https://link.springer.com/article/10.1007/JHEP10(2020)156
https://link.springer.com/article/10.1140/epjc/s10052-022-10186-3
https://link.springer.com/article/10.1007/JHEP09(2018)147
https://cds.cern.ch/record/2635986
https://link.springer.com/article/10.1140/epjc/s10052-017-5178-x
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H — bband H — ¢C

https://cds.cern.ch/record/2209531
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https://cds.cern.ch/record/2209531
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Eur. Phys. J. C 78, 1008 (2018)

BSM searches
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https://link.springer.com/article/10.1140/epjc/s10052-022-10186-3
https://link.springer.com/article/10.1140/epjc/s10052-018-6386-8
https://link.springer.com/article/10.1140/epjc/s10052-017-5178-x

Our plans for today
and the future
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LHCDb today

Run 3 has kicked In

Pixel detector

Davide Zuliani

- Tracker

New VELO:

SciFi ~ RICH2

A1 and new readout

Muon: Removed A

]
Scintillating Fibre
Tracker (SciFi)

po—

Integrated Recorded Luminosity (fo™)
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We now have a new detector

Completely software trigger
 Several limitations on reconstructing

objects in the past are now overcome

This year we have collected same data
as Run 1 and Run 2 combined!
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o

== 2024 (13.6 TeV): 9.56 fb~’
== 2023 (13.6 TeV): 0.37 fb™’
- 2022 (13.6 TeV): 0.82 fb™
= 2018 (13 TeV): 2.19 fb™’
== 2017 (13 TeV): 1.71 fb™
6 == 2016 (13 TeV): 1.67 fb™"
= 2012 (8 TeV): 2.08 fb™
w2011 (7 TeV): 1.11 fb™
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LHCD in the HL-LHC era

— https://arxiv.org/abs/1808.08865

Side View Tungsten

Magnet & ECAL M3
g Neutron M2

Magnet Stations  §¢iFi TORCH  spieiding
&Silicon , RICH2

M4 M>

* The LHCb Collaboration has proposed an upgrade for
the HL-LHC era

« This will allow us to collect 300 fb~! (or even more) of
integrated luminosity

7N

* The detector will come with important improvements:
Phase-Il Upgrade

 |Improved VELO and tracker to perform 4D
reconstruction Run 1 Run 2 Run 3 Run 4 Run5 Run6

-
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* New ECAL — similar jet energy resolution as for 3 12 I - L0 2
Run 2 and better electron reconstruction 2 B R v s :'/ 7/ 3,0 §
I ‘
é) 6 :i/ 1505
Need important effort to push for better performance & . j7 100
- - O
also at analysis level (e.g. ML tools) - . o p— 50 8
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https://arxiv.org/abs/1808.08865
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Higgs Physics @ LHCD in the future

 Main “limitation” = luminosity — increase luminosity while keeping good reconstruction performance

 QOur main objective is to measure SM Higgs cross-section in the forward

region JHEP 05 (2013) 132

 |Leverage all possible production modes (ggF, VH and also VBF) -
. . . .-gn . o8
* Push further on jet reconstruction and identification performance =
(GNNs, Particle transformers,...) N
» We can target the H — bb cross section measurement attheend { |
of Run 4 S, 107 & LHCb Vs =7 TeV
| | | s 95% CL, ®"—11
* We can contribute to a global combination to measure the charm J — observed
- Q 102 = ----expected
Yukawa coupling x o
be +20
- "-.__._ ------- SM theory
* Increase in statistics will open us to more Higgs physics channels 10f bl L L b L L b L
100 120 140 160 180 200 220 240
e H—>ZZ - 4u, H—> WW, ... M 40 [GeV]

* Any deviation from SM prediction would indicate NP
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https://link.springer.com/article/10.1007/JHEP05(2013)132
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Higgs Physics @ LHCDb in the future &4

« |LHCDb can leverage its cleaner environment and its peculiar
phase-space to perform several BSM searches

2.0
e In particular, we can: 1.8 - excludod ot 0 GL
 Access objects with lower masses > 16 gg-%?

U . 0
« Complement measurements from ATLAS and CMS 1 9 0.50 %
. i 250 %
 Explore new signatures: S 750 %
| 1.2 - = 19.00 %
e H — axions, ...
 Exploit optimal PID performance 106 10 1072 10° 10 107* 1072 109

* e.g. using jet substructure informations cTs m] cTs [m]

https://arxiv.org/pdf/1910.05225

 Develop dedicated trigger to select particular signatures
 LLPs exclusive hadronic decay modes
 Displaced (di-)muons and (di-)taus

See talk by N. Grieser on
LLPs using muon shower signatures
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https://arxiv.org/pdf/1910.05225
https://indico.cern.ch/event/1389221/contributions/6231901/
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Conclusions

 |LHCb has proven itself to be a general purpose forward detector
* Alot of interesting and important measurements in the QCD and EW sectors
* Able to perform studies on several final states with optimal performance

 Also, LHCD interest in Higgs physics has increased over the years

* Looking ahead of Run 3 and beyond, we plan to get involved even more In these studies

* Unique possibility to study Higgs physics in the forward region of pp collisions

* Unique possibility to probe BSM theories in the forward region of pp collisions
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Thank you for
your attention!
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