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The physics case In a nutshell

 As we have seen from the previous talks:

+ Final states with hadron + 2 leptons (B — K*uyu and friends) Charagterigation

e Purely leptonic final states (BS — UU)

- Photon polarisation: real photon or very low g*(ee)

« Rare charm (D0 — UU)

. s 4 ati
* R measurements dominated by low yield in the electron mode Jbservation

» Effort in using data-driven methods and extracting as much
information from the data itself.

 Many searches attempted and ongoing for even rarer processes:

+ Only limits available for KV — uu, B, — ee, K,/B, — ppupu earcl

= Consistent statistics limitations.
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https://twiki.cern.ch/twiki/bin/view/LHCb/LHCbUpgradeII

Increasing the data sample
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http://lhc-commissioning.web.cern.ch/schedule/LHC-long-term.htm

The LHCDb detector in Upgrade | (now)

Upgraded Calorimeter
Front-End electronics
Removed SPS/PS

SciFi
Tracker |

Upgraded muon
chambers Front-End
electronics, M1
removal

Software only trigger

30 MHz processing

New Tracking stations
(Silicon Microstrips + Scintillating fibres)

M. Vieites Diaz, CERN LHCb Upgrade |



https://arxiv.org/abs/2305.10515

LHCb 2015 Trigger Diagram

40 MHz bunch crossing rate
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. Software High Level Trigger

Buffer events to disk, perform online
detector calibration and alignment

»

Full offline-like event selection, mixture
of inclusive and exclusive triggers

SIS IR

12.5 kHz (0.6 GB/s) to storage

M. Vieites Diaz, CERN

Partial event reconstruction, select
displaced tracks/vertices and dimuons

New trigger scheme

LHCb Upgrade Trigger Diagram

30 MHz inelastic event rate
(full rate event building)

Buffer events to disk, perform online
detector calibration and alignment

Add offline precision particle identification
and track quality information to selections

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

2-5 GB/s to storage

Trigger schemes

* much softer pr requirements.

Quick gain: soft muons from
charm, taus or strange decays and
channels with electrons in final
state.

* Run 2 experience:

* It is possible to apply online
alignment and calibration

o ’Offline’ quality at HLT?2 level —
sophisticated (and flexible)
selections earlier on gaining up to
a factor 2 in fully hadronic final
sates


https://lhcb.web.cern.ch/speakersbureau/html/TriggerScheme.html

Impact: Rare kaon decays HCb-PUB-2017-023
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https://cds.cern.ch/record/2297352/files/LHCb-PUB-2017-023.pdf
https://arxiv.org/pdf/1712.08606.pdf

Impact: Rare charm decays

 General gain in acceptance from the

removal of the (harsh) LO trigger » Potential new limits on branching ratios* Upgrade 1, 2022-2030, and Upgrade 2, 2030+:

requirements. Mode Runl-2 (1-9 fb ") Upgradel (50fb ")  Upgrade2 (300fb ")
DY = it 620" 3.1x 1070 4.2 x 10-10 1.3 x 1010
: : : . - . - ~8 18 . -9
« Better kinematic overlap of different D" =% ptpm 6.7 x 107 107 o X 0
. Df - K'pu"p~ 2.6x107° 10°° 3x 107
modes (reduced systematics) AY > pptps 9.6 x 1078 1.1 x 1078 4.4 % 107
D° — ety 1.3 x 10~ 10-? 4.1 x 10

A.Contu - Towards ultimate precision in Flavour Physics, Durham (2-4 April 2019)

* Dedicated new trigger lines for better

. e Statistical precision* on asymmetries:
mis-ID control (x — 1) P Y

Mode Runl-2 (1-9 fb~') Upgradel (50fb™") Upgrade2 (300fb ")
Much better efficiency to be D" = atputu” 0.2 % 0.08 %
- O s ataptpy~  38% 2% 1 % 0.4 %
xpected on multi-body charm ek Al o | |
expected y D' — K ntpu*pu 0.3 % 0.13 %
decays (even softer pr spectra) D’ — K*r—ptp~ 12 % 5 %
D' - KtK—u*tp~ 1%~ 6% 4 % 1.7 %

D. Unverzagt @Charm23
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https://cds.cern.ch/record/2865646/files/Charm2023_Siegen_RareDecays.pdf

Relevance of vertexing

Upgraded VELO: ]
Vertexing

* Expected to improve the LHCh-PAPER-2017-018 ~ LHCb-PAPER-2019-029
180F T T S

l ? Al L} L] l '. . L] L] l

—————
LHCb 13 TeV

decay time resolution (o)) by i v QP ASTARS s
a 10% factor (w.r.t. Runs1&2) o 1g0p FPU = g N . TR E T
§‘ 120 -~ Signal V_: E.{f’;ff.’w%wx-«*'-.wj;fw;,ﬁ;-.;e;..;%ﬁm Sevand
. o ;33 100 ---Background R sk° 5 : =
* Nominal position for sensors 2 80 £ F _ . :
at ~5.1mm from the -0 = |
= o= . ~ — : - -
collision region (closer than 2 S :
before) R T T R T f00 T Hm00 3600 300 3800
mA;K ) [MeV/e?] m(ATK 7t) [MeV/c?]
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T. Gershon @ Upgradell workshop
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https://indico.icc.ub.edu/event/163/contributions/1625/attachments/661/1318/Upgrade2-Barcelona-TG-29March2023.pdf

Very rare lands: By — pp

 Well stablished 5, mode,
+ B(B® — pu)! BBy — pp)
« Effective lifetime and time-dependent CP asymmetry
o B(By — upy)
 The combinatorial background is the main factor to be kept under
control:
v Improved vertexing
v Improved momentum estimation from the tracking system (— better
mass resolution)
 Developments on flavour-tagging will be needed to increase its
performance.

» Based on current results, f./f, could be leading the uncertainty after the
data sample collected with the Upgrade |l detector

« Further improvements (beyond \/N) will be needed on this front
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(up to 9fb~ 1)
B(BY — ptp~)/B(B) = ptp~) 69% [40,41]
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https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/LHCb-PAPER-2021-007.html
https://cds.cern.ch/record/2776420

Electrons iIn Run 3
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https://cds.cern.ch/record/2859403/files/main%20(5).pdf

Taking a turn to radiative

 Similar set of Pros and Cons as electrons — higher level
quantities to be optimised to recover efficiencies

* Benefits from larger samples and potencial for large impact:

e Im C%ff: time integrated CP asymmetry,
Acp(B? = K*y) ~ 2ImCS ImAC,

. CJ: currently dominated by BY — K*e~e™, but nice
complementarity with other modes and the direct
determination of the photon polarisation

/,NP
7

Im (

= () C;‘ff:regularisation scheme -

M. Vieites Diaz, CERN JHEP 04 (2017) 027
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https://lbfence.cern.ch/alcm/public/figure/details/182
https://arxiv.org/abs/1608.02556
https://arxiv.org/pdf/2111.10194.pdf
https://arxiv.org/pdf/2111.10194.pdf

LHCb-FIGURE-2023-023

Particle ldentification

* PID achieved by combining information from several systems

‘e.-\Expressed as differences in log-likelihood: ALL(K) = log(K) — log(r)
* Preliminary Run 3 results show very good performance

« Enhancements proposed for LS3 (between Runs 3&4)

 Charged PID (RICH): new electronics, allowing for photon time-of-arrival

measurement (enhance photon/track matching)

* Neutral PID (ECAL): replacement of the inner section (cope with radiation damage)
with higher granularity modules and re-arrangement of the basic geometry (better

matching occupancy)
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https://lbfence.cern.ch/alcm/public/figure/details/720
https://cds.cern.ch/record/2866493/files/LHCB-TDR-024.pdf

Looking further ahead: Upgrade ||
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. operate at an instantaneous luminosity a factor ~7 larger than current (Run 3/4) conditions

 While retaining the level of performance from the previous runs, as well as the flexibility enabled by a
software trigger

* Goal: Accumulate ~300 /b~ by the end of Run 6 (and analyse and equeeze it to the maximum gearching for interegting
thinge!)

J
e How?

* \ery similar layout as current spectrometer, with major changes to all detectors
« Remove HCAL, add TORCH (PID), magnet stations and muon shield

* Integration of timing information crucial to be able to resolve primary vertices in the same bunch crossing
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« New ECAL with improved energy, position resolution and improved sensitivity to low E

LHC schedule

M. Vieites Diaz, CERN
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http://lhc-commissioning.web.cern.ch/schedule/LHC-long-term.htm

Low momentum gains: Magnet tracking stations

* Proposed scintillating-based tracking subsystem inside the magnet to measure the position and

direction of particles hitting the magnet side walls

= Significantly enlarge the phase space with high precision tracking (in the low momentum region)

Table 3.9: Tracking efficiency relative to VELO+UT tracking efficiency.

channel >8 SciFi hits SciFi+MS hits gain
v —ete” (pr >10 MeV/c) 0.245 0.98 4.1
p¥ =t~ 0.530 0.780 1.5
K2 - ntn— 0.384 0.720 1.9
K* o K*g¥ 0.479 0.704 1.5
D*t — DO + 7% (7% in MS) 0.33 0.67 2.0
D*0 — DY 4 ete™ (ete™ in MS) 0.22 0.66 3.0
Df - D+ K+ (Kt in MS) 0.74 0.89 1.20
Xc1(3872) = JAp +ntn~ (#7n~ in MS) 0.51 0.73 1.43
BT = (Jip > ete y) KT 0.70 0.83 1.3
Q:0(3067) = (EfpK—nt) K+ 0.63 0.80 1.27
Bt — (D% — (K »ntn)nte) KT 0.34 0.56 1.7
y+pomeron — Jip — ete” 0.57 0.69 1.18
~v+pomeron — p® — 7w~ 0.39 0.58 1.49
y+v—ete 0.008 0.03 3.8

—‘

M. Vieites Diaz, CERN
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https://cds.cern.ch/record/2776420

& And with even more data...

 Time-dependent angular analysis of rare modes (Bf — pupu, B' - puu) should become feasible ( ~400
events in Run1i for Bg — ¢uu) — current estimate is for these to still be statistically limited after Run 6

« Branching ratio measurements of very rare modes b — df'¢, c — uf’¢, strange physics

* PID (cross-feed backgrounds) and mass resolution must be kept extremely performant

« Branching ratio and CP violation measurements in b — dy, b — sy transitions: large gain expected from
an ECAL with better spatial segmentation
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https://arxiv.org/pdf/1808.08865.pdf
https://arxiv.org/pdf/2212.11203.pdf

Comparison of the angular distributions

Landscape with 300/b

between electrons and muons —

o 25— 1717
O - —— SM 2 -
&) 2:_ ------ scenario |l E
< N scenario | i
1.5 -
o E
0.5} E
OF -
-0.5( -
-1 E
- 30 contours ; -
B
-3 -2 1 0 1
AReC,
Lines: Run3
Shaded areas: Upgrade ||
LHCB-PUB-2018-009

M. Vieites Diaz, CERN

Gains on electrons (measurements Strange physics: KSO mode unique to
neutral PID — still compete with dedicated kaon
» experiments (HIKE Phase 2 if approved)
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https://cds.cern.ch/record/2776420
https://arxiv.org/pdf/1808.08865.pdf
https://arxiv.org/abs/2211.16586
https://conference-indico.kek.jp/event/169/contributions/3471/attachments/2359/3033/KAON2022_dms_Toyonaka.pdf
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Conclusions

X Many LHCD results on FCNC are limited by analysed sample sizes

 Upgrade | will allow to push some boundaries, but rarer modes and differential BR measurements still
expected to be statistically limited by the end of Run 4

 With enough data and good analysis and interpretation of it, we will be able to disentangle its different
contributions and, hopefully, understand them at a fundamental level.

= Keep working on squeezing the available data and on detector upgrades and technologies that will allow for
the best possible physics outputs
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https://cds.cern.ch/record/2859403/files/main%20(5).pdf
https://lbfence.cern.ch/alcm/public/figure/details/182
https://lbfence.cern.ch/alcm/public/figure/details/340

